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I. Introduction

An antenna array is composed of many elements whose excitation am-

plitude and phase can be individually adjusted to yield a desired pattern.

If all array elements operate properly, then well-known analytic techniques

can be used to find the optimum amplitude and phase of each element, to

yield a given bearnwidth and sidelobe level. However, if any elements fail,

-----..... then no analytic means exists to find the aperture distribution that co m-pen- ......

sates for the degradation of the pattern. Element failures destroy symmetry

and cnuse sharp variations in the field intensity across the array aperturf ,

increasing the sidelobe level of the power pattern. The simplest solution to

this problem is to increase the taper of the array distribution in order to

lower the sidelobes back to the design level. Unfortunately, this solution

has several disadvantages. First, as the design sidelobe level for an array de-

creases, the sensitivity of the sidelobe level to a perturbation in an excitation

value increases. Second, changing the design taper may broaden the main

beam to an unacceptable level. Finally, merely increasing the taper does not

compensate for lack of symmetry or smooth out sharp field variations. Com-

pensation for the defective elements can be achieved, by numerically finding

the excitation of each nondefective element that optimizes some function.

This function must take into account the location of the failed elements.

The approach used in this study is to reformulate the optimization prob-

lem to take into account the element failures. An algorithm is developed that

synthesizes the amplitude and phase of each nondefective element in order to

produce the lowest sidelobe level for a given beamwidth. This algorithm can

also be used to find the clement failure limits of any array. More specifically,

the algorihlit- caln find the maxinum number of elements beyond which it

is impossible to recover lost performance. Also, the loss in performance can

be deterinincd by the geometric arrangement of the failed elements. The

numinerical imnplemeicntation of the synthesis algorithm involves the Iflininfiza-
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tion of a nonlinear function, which is the ratio of the sum of a set of peak

sidelobe power points to the power in the main beam. This minimization

will be carried out via a conjugate gradient method.



II. Power Pattern With Element Failures

This analysis neglects the element factor and considers only the array

factor. No mutual coupling effects are modeled. Failed elements are deleted

from the array factor. T'., +- , time convention is understood, where W is

the angular frequer., i 'xcitation with a freespace wavelength of Ao.

Letting N denot, r,,- ":b .r of nonfailed elements, the array factor (AF) is

given by

AF = I,(h>t-+h0ý) (1)
nfl-

whert

k. = kosin(O) cos(o) (2)

ky = kosin(O) sin(O) (3)

and k.' = 2-r'A,. The excitation of the nth element, denoted by 1,,, can be

expressed by the complex quantitY I, = u, + jv,, where ý/'O+ v2 yields the

amnplitudl' and tan-U~,'/u.) yields the phase angle. The power pattern is

proporti,,nal ti) the square of the magnitude of AF.

The array is assumed to operate in either sum or difference mode. The

stum mode produces a peak in the pattern in the broadside direction and

the difference mowde produccs a mill in the broadside direction. A possible

clement configuration to generate both types of patterns is shown in Fig. 1.

Sum modoe operatioun allows all 37 elements to be independcntly controlled,

as showin in Fig. 1(00. The same array operating in difference mode has only

17 independently controlled elements, as shown in Fig. 1(b). This is because

half of the array elements are excited with their phase oppositc from that of

(lie or-sp,, iindizng (ecments symmetric with respect to tOle center of the "irrav.

If an elewent fails, then the symmetric counterpart is deactivated. This

ensures a stationary beam null and a symmmctric beam slope, independent of

the synt hisis technique used.

9
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The synthesis of the excitation values has three possible combinations:

synthesizing with amplitude only, synthesi.-:-.; with phase only, and synthe-

sizing with both amplitude and phase. It is well known that synthesizing

the lowest possible sidelobe level for a given beamwidth over a symmetric

aperture yields a uniform phase and a nonuniform amplitude distribution.

However, if the failed elements yield a nonsymmetric array distribution, then

the optimal phase may not be constant. Phase synthesis with a constant am-

plitude was found by Deford and Gandhi (Ref. 1) to require an extremely -

large ntpilber of elements to yield low sidelobes. A similar analysis by Peters

(Ref. 2) found that phase-only synthesis was not very effective in reducing

sidelobCs for fixed-amplitude arrays. Therefore, both amplitude and phase

synthesis would seem to be required for the generation of a sum pattern.

Since the difference pattern preserves the symmetry, amplitude-only synthe-

sis is required. The sum power pattern is given by
12 ]N

'(O, u,v =- t cos(•..)- , sin(•,, A] + u sin(ý') -t-V,' cos(vn)) (4)

where v k, , + kv/ and the difference power pattern may be written as

P(8' U) =: [ u. si*,)] (5)

Note that the amplitude is allowed to be negative on the difference pattern,

since that involves only a simple phase shift.
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III. Minimizing Nonlinear Functions

Equations (4) and (5) indicate that the power pattern of the array is a

nonlinear function of the amplitude and phase of the excitation. Minimizing

the peak sidelobe level will require a mathematical technique that can handle

an nonlinear function. A multivariable quadratic function can be minimized

by the conjugate gradient algorithm developed by Hestenes and Stiefel (Ref.

-....... 3)._ An arbitrary nonlinear function _can also-be mimnimzed by the same algo-

rithm if a suitable quadratic approximation can be found. Although several

variations are given in the literature, all have the same two major steps dis-

cussed by Hestenes (Ref. 4). First, the function must be approximated by a

quadratic truncatio-,n of a Taylor series expanded around an initial estimate

of the solution. Second, this quadratic is minimized by the conjugate gradi-

ent algorithm to obtain a new estimate. This new estimate is in turn used as

th. expansion point for a new quadratic approximation. Since the quadratic

approxiuilation is valid only near the point of expansion, finding a minimum

of this quadratic is the same as finding a minimum of the original function

,Ifly if both have the same minimum. Therefore, the algorithm must be

restarted so that the quadratic approximation can ultimately be expanded

around a point that approaches the nuiniumn of the original function. The

Olte-djiniisijoal casfe is illustrated in Fig. 2. Given the function f(s) and the

initial guless s,,. tlhe quadratic qo(s) is formed and given by

2.

Thl miniimum of this quadratic is denoted by 8, and is given by the Newton

estiniate

p1~ R 1~(71j

"Thc etsiluiate iz Il ion used to conllipute ql.q . The iteration then coiitin-

lits mintil t mmit i mum of the quadratic approximation coincides withIi the'

mimmnumimu of the. (,riginal functioln.

13
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The principles of the one-dimensional minimization apply also to mul-

tidimensional functions. For example, consider the function f(u, v), where u

and v are N V 1 icoluiin vector variables. The quadratic approximation may

be written in matrix form as

f(u, 0! f (u1, v,) + [-Y - 't]rTG+ 1•[' - H [-y 1 (-)

where T denotes the transpose and the components are defined as follows.

The -'ector - is a 2N x 1 column vector defined by -y =-[u vJ]T The gradient,

denoted by G, is a 2N x 1 column vector evaluated at (ul,vm ) and is given by

G = [CIG,]f, where each subvector has the form

Gu ±1 I V of 1. (9)

The Hessiin. denoted by H, is a 2N x 2N matrix whose elements are evaluated

at ( vt, 1) and expressed as

H / Hu,, H (10)

where cach submatrix has the form

±LýJ - a3"...
Oular, Ol.149T iUt I O(11)

Ou 249r OU38rj 0uOt .. VII-,, -I H5 u=: (

ou NOv, OUNOV2 OUIVO&Vt

Using the one-dimensional analogy, the minimum of Eqn. (8) may be coin-

plitcd froin the matrix form of Newton's formula, as given by

" vY = "YO + 1-'(jo)Ge(ro). (12)

However. this retqutires that the inverse of if be computed. In many cases

(,f practical ilttcrest. •ilv an estimate of the minimum of the quadrati,: is

required; therefor., it is more efficirnt to lisc the conjugate gradient method

x,, obtain "in estinmate of this mininmum. Making tlih substitution z. = u - ul,

15



2V = V - t", and D = -G into Eqn. (8) and excluding the constant yields a

standard quadratic function, denoted by c and written as

cH ,1 H., , HZ1, -[z 2 (13)
2 '[ H, H:, j[ 29 D,

Minimizing this expression is the same as solving the linear system

rHuu, II-1 [.,.] [Du,  (14)
HO, H,, zJ Dv

where the Hessian matrix H is always symmetric and nonsingular but not

always positiv, definite. Therefore, the conjugate gradient algorithm must

be general evough to handle this situation. A suitable algorithm with L

restarts and 1< <c 'V conjugate gradient iterations per restart is given as

follows (Ref, 5):

begin loop for 1

compute D', H' and set z' 0, ,z' = 0

'. =D'V (1i)

qu = H..rl 4 Hu.,r; (16)

q. = H.,q. + H,,r (I T)

ýqu,, qu) -( q., q,)

1begin loop for K

q Up + Jf,.,p! (20)

S- (22)
(qu,q,.) '(q ,qr)

k": k t. U ' (23)Zu.:: ~ t ut~~

rk 4 I Ph (kqv(

k4(r• ,1 k (~r k '-' . . . . . . . ... . . . .. . ...

r•, ) .+ (* k, rk

16



if err < tolerance, terminate k loop, else

qu Huuru4+t ' ,+ Hulrk (26)

q _H + H, _k+i (27)
1

= (qu,q,) + (q,,q,) (28)
P -, = +k (29)

continue 1 loop

The I loop determines the quadratic approximation to the function f(u, v).

The gradient and Hessian are computed at the current estimate and the

appropriate conjugate gradient parameters are initialized. The k loop obtains

an estimate of the minimum of c by computing an estimate of the solution

to the linear system described by Eqn. (14). The dominant computational

effort for each k iteration is caused by the matrix vector products, which

require O(WN2 ) multiplications. The computation of the Hessian requires

Q(I T jV 2) multiplications, where T is the number of multiplications per matrix

elenment. Since 'r depends on the function, the computational efficiency of

the overall algorithm is function-dependent. An alternate algorithm used by

Fong and Birgenheier (Ref. 6) and Press et at. (Ref. 7) does not require

the computation of the Hessian, but implicitly assumes that it is positive

(iefinite. This can lead to an unpredictable breakdown in the algorithm.

17



IV. Sum Pattern Synthesis

The goal of the sum pattern synthesis is to macximnize the power in the

main beam direction while simultaneously minimizing the power in the peak

sidelobe. Unfortunately, forc'.ig the sidelobe to a lower level ert a particular

angular location without any constraint on the other sidelobes will merely

shift the peak sidelobe to a new location. Because the peak sidelobe location

may change, there is no mathematically elegant way to-achieve the-goal di--

rectly. Rather, the same objective may be achieved indirectly, by minimizing

the average of the accumulated peak sidelobe power points. The average is

defined t, be the average of these peak sidelobes, computed at each restart

of the minimization algorithm. If MA denotes the number of distinct peak

sidelobe points at the ith restart, then the average power, denoted by P.(u, v),

is defined bYv

Mf,

P.(u,v) E Pi. (31)

The power at the itth angular point is defined as P, = P(u, v,o,,o,), where i = 0

denotes the main beam location and i = 1... A denotes peak sidelobe points.

In order to minimize the sidelobe power while simultaneously maximizing

the main beam power, a function f(u, v) is defined as the ratio of the average

peak powei to the main beam power and is expressed as

f(u, v) = P.(u, v) (32)
Po(u, v)(

Minimizing this function will achieve the desired goal. A possible one-

dimensional scenario is illustrated in Figure 3. The peak sidelobe level is

found at the initial start. This sidclobe level is then reduced by a partial

iiiiiii ,,z n tiOrt of ft u, v). At the first restart the peak sidelobe point is still at

tlc sini' lciitioi. so that peak is reduced again. At the second restart a

new penk sideblob lhocation is found, sO this peak and thei previous peak are

tiverng(d and redliced. At the third restart the peak location has changed

19



again, so the average is updated and f(u,v) is minimized. At the fourth

restart another point is added to the average and f(u, v) is minimized. The

pattern has reached the steady-state power distribution.

An inherent characteristic of this method is that all the sidelobes will

tend to be lrought to the same level. It should be noted that all the sidelobe

sample points could have been used a priori at each restart without searching

for the peak sidelobe point and the results would be the same. However, using

the accumulated average has several advantages. The function f(u, v) changes

rapidly when few sidelobe points are present, so that the peak may be brought

down fast. As more peak points are added to the average, a self-damping

effect takes place and reduces the sensitivity of the pattern to changes in

u and t., allowing a smooth transition to an optimum. Accumulating the

peak points is numerically much faster than starting with all points, since

the computation time for evaluating f(u,v ) is dependent on Mi.

The sidelobe region is defined as the hemisphere formed by the limits

0 < 0 < 2, and 0 < 0 - minus the circular aperture of the main beam up

to the first null. The density of the sample points should be chosen in such

a way that the peak sidelobe may be accurately estimated. A good rule

of thumb is that the sample separation distance should be no greater than

half the main beamwidth of the design pattern. A uniformly spaced square

lattice is sufficient and is shown in Fig. 4. The parameter kA,, is the radius

of the main beam null of the design pattern, increased slightly to allow the

beam to broaden as the sidelobe level is reduced.

The components of D and 1f required for the conjugate gradient method

are given as follows:

Of 1 P 8 OP. Oa!.1 (33)

- 7U 1"0 KO -OU 8

" - - -1 L. a P O P (34)
01' PO POP Pat. '91"

U U a u , a u , P O B u U o, au i u , P O (aun/)
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21 = 2 d [mD- o P + p -'o +O'P P. 1UV au, O, I, 1 DU- u 8V 8U, 8v,, PO 8UmO,8v j (38
Hmn = H," (37)

Hm" = 21a,,f [- no "0 + D D-o, -+ 82 p.e p. P 8tnJ (38)VOvmv -' rn- ' 8M 8V 02P8  PO 8V2P0 1

The power at the ith angle can be computed by introducing the auxiliary

functions (i and X, and defining P, = + x? such that

N

, = -. F.[,. co(-.,) --. i-(*.,)] .... (39)
W=1

N

E tUW si•(•4. 0 +() --. 05o0(',.,)J (40)
Wa=1

where €.= kezu. 4,+ kyiyw. The first-derivatives of the power used in the

gradient are given by

8- -- 2 [ýj cos(i'mi) + Xj (41)

avý 2 [f, cos(I ..) - ( sin(,m,,j)} (42)8Vmn

and the second derivative terms used in the Hessian are expressed as

_ = 2 cos(•,,, - V,,,) (43)

u.',,-2 sin(Ok,, - Oni) (44)

92 P, 8 2 pi ()Ov1D~ - (45)u

Note that the computation of the Hessian requires the evaluation of the

power at the main beam location and at each peak sidelobe point. Since

the power computation requires 0(N) multiplications, the multiplications

per matrix element is T = O(MIN). Therefore, the Hessian computation

donminatcs the computation of a single I iteration.

23



V. Difference Pattern Synthesis

The synthesis procedure for the difference pattern is similar to that used

for the sum pattern, except that now only amplitude synthesis is necessary.

The appropriate function defined in Eqn. (32) is reduced to one dimension
'ts

- P.(U) (40)f)- P0(u)"

The power at the ith location is defined as P, - , where

N

= u, sin(9,,). (47)

The first derivative of the power is computed from

Oa---, = 2ý sin(;ýi) (48)

with the second derivative given by

O:ý P•

O t au,, - 2 sin(1,,n) sin( ,•). (49)

for the configuration shown in Fig. 1, the power pattern is symmetric across

the y - z plane. Thus, the k-space sample region need only contain points

where k, > 0, as shown in Fig. 5.
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VI. Results and Discussion

A possible element failure scenario is shown in Fig. 6. The hexagonal

array has a total of 91 elements spaced 0.6A•0 apart with 3 element failures.

The desired aperture function for the sum pattern is a parabolic with power

N z-2 and an edge taper of -20 dB. This yields a -35 db sidelobe level. The

aperture function for the difference pattern is a Bayliss distribution with

f=10 and a -40 dB sidelobe level. All the power patterns are plotted in dB

using cylindrical coordinates, with 0 as the radial coordinate in the range

0< 0 <900. A reference -32 dB floor is placed on each plot.

The sum power pattern with no element failures is shown in Fig. 7.

The peak sidelobe level is -30.9 dB with a peak gain of 20.8 dB. The main

beam has azimuthal symmetry with a half-power beamwidth of 12.860. The

synthesized sum pattern of Fig. 8 required 300 restarts, with 5 conjugate

gradient iterations per restart, to solve for the 176 required unknowns. The

effect of the failures is to increase the sidelobe level to -27.4 dB and reduce the

gain to 20.5 dB. The main beam becomes slightly elliptical with a minimum

half-power beamwidth of 12.570 and a maximum of 13.000. The synthesized

pattern, shown in Fig. 9, has a peak sidelobe level of -31.3 dB and a gain of

19.5 dB. The main beam also has an elliptical cross section with a minimum

half-power beamwidth of 13.710 and a maximum of 16.290. As expected,

the reduction in the sidelobe level produces a corresponding increase in the

bemnnwidth and a drop in gain.

The difference power pattern with no element failures is shown in Fig.

10. The peak sidelobe level is -33.0 dB with a peak gain of 18.4 dB. The

angular half-power null width between the peaks is 8.570. Fig. 11 shows that

thc effect of the clement failures is to increase the sidelobe level to -21.7 dB

and drop the gain to 18.0 dB, with the half-power null width remaining about

the sarin. The synthesized difference pattern of Fig. 12 required 100 restarts

with 5 conmijugatc gradient iterations per restart to solve for the 80 unknowns.

27
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Fig. 7. Suiri Power Pattern with No Failures
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Fig. 8. Sum Power Pattern with 3 Elemient Failures
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Fig. .I. S'nt hcsized Stin I'•(wer P'attern with 3 Element Failures
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Fig. I l. Differen:e P,,wer Patterni with N,, Failures



Fig. 11. I)iM-ll! ut- Ii,,wu.r I'Pat t.rn with 3 Elchmit Failures
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The peak sidelobe level is -28.7 dB with a gain of 17.1 dB. The sidelobe level

of the synthesized pattern cannot be brought down to the level of the design

pattern as was the case with the sum pattern, because the degrees of freedom

are now about halved. The half-power null width between peaks increased

to 9.09'.

The results of this test case and several others, indicate that it is possible

to reduce the sidelobc level, of an array with failed elements, down to near

-............. the design level. However, the success depends on the nature of the failure.

For example, if the central element fails in a sum pattern, the synthesis yields

no improvement. This is to be expected since this failure is quite similar to

blockage. As expected, elements which fail and have a large relative weight

are much more difficult to recover from than elements with a small weight.

Also, clustered failures are easier to recover from than the same number of

random failures. This is because a clustered failure yields a relatively local

increase in the sidelobe region as opposed to the same number of random

failures which yields a uniform increase in the sidelobe level. It was interest-

ing to observe that is was easier to recover from an entire row failure than

from the same number of random failures. In general, the decrease in the

sidelobe level comes with a drop in gain and a slightly broader main beam.
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VII. Conclusion

The performance degradation of arrays with element failures may be

partially compensated for by a redistribution of the amplitude and phase over

the remaining elements. The extent of this compensation is determined by

the number and location of the failed elements. The accumulated averaging

ccheme, combined with the conjugate gradient algorithm, provides a very

stable means. to synthesize the-new array-aperture.distribution.
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Appendix: Fortran 77 Programs

This appendix contains the Fortran 77 programs sUMsTN and DIFSTI as well

as all associated subroutines. The program SUmSmN performs the sum pattern

synthesis with element failures and the program DIFSTN performs difference

pattern synthesis with element failures. The required inputs to each program

are listed in the comments found in the source code. These programs were

used to generate all the results presented in this report.
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1 PROGRAM SUMSYN
2 C ***********************************************S****S**********

3 C * THIS PROGRAM SYNTHESIZES THE AMPLITUDE AND PHASE DISTRIBUTION *
4 C * NECESSARY TO GENERATE A SUM PATTERN OVER A HEXAGONAL ARRAY OF *
5 C * POINT SOURCES WITH SOME ELEMENT FAILURES. *

7 C * TIMOTHY J. PETERS LAST UPDATED *
a C * THE AEROSPACE CORPORATION 3/1/91 *
9 C * 2350 EAST EL SEGUNDO BOULEVARD. *

to C * EL SEGUNDO, CA 90246 *

C

S12 -C -*-INPUTS :-- --. . . . . . . .. . . . . .. . *

13 C * *

14 C * NL - NUMBER OF LAYERS FORMING THE HEXAGONAL LATTICE *

15 C * NTE - NUMBER OF TOTAL ELEMENTS 1 1+3*NL*(NL+I) *

le C * NBE - NUMBER OF BAD ELEMENTS 8

17 C - BAD(1..NBE) - INTEGER ARRAY HOLDING THE NUMBER POSITION OF EACH *

is C * BAD ELEMENT IN THE ARRAY.
19 C * DS - THE ELEMENT SPACING IN WAVELENGTHS. *
20 C * NE - NUMBER OF ACTUAL ELEMENTS = NTE-NBE. *

21 C * ET - THE EDGE TAPER OF THE PARABOLIC DISTRIBUTION.
22 C * N - THE ORDER OF THE PARABOLIC DISTRIBUTION. *

23 C * BNF - THE THEORETICAL BEAM WIDTH NULL FACTOR FOR THE CHOSEN *
24 C * DISTRIBUTION. *

25 C * BBF - THE BEAM WIDTH BROADENING FACTOR. THIS ALLOWS THE BEAM *
2e C * TO BROADEN BEYOND THE DESIGN VALUE IN ORDER TO REDUCE THE *

27 C * SIDELOBES WHEN ELEMENTS FAIL. *

28 C * NSP - NUMBER OF SAMPLE POINTS IN THE SIDELOBE REGION. *
29 C * NS - NUMBER OF RESTARTS. *
30 C * NI - NUMBER OF CONJUGATE GRADIENT ITERATIONS PER RESTART. *

31C C

32 C * OUTPUTS- .
33 C * *

34 C * U(NE) - REAL PART OF THE EXCITATION OF EACH ELEMENT. *
35 C * V(NE) - IMAGINARY PART OF THE EXCITATION OF EACH ELEMENT.
36 C * *

37 C ******************************************************************

38 PARAMETER (NL=S,NTE=o1,NBE=3,NE=88,NSP=1550)
39 REAL*q U(NE),V(NE),X(NE),Y(NE),SU(NE),SV(NE),GU(NE),GV(NE)
40 REAL*4 HUU(NE,NE),HUV(NE,NE),HVU(NE,NE),HVV(NENE)
41 REAL*4 PU(NE),PV(NE),QO(NE).QV(NE),RU(NE),RV(NE).ZU(NE),ZV(NE)
42 REAL*4 KI(NSP),KY(NSP)
43 INTEGER IP(NSP),BAD(NE)
44 OPEN(UNIT=2,FILE='OUTPUT',STATUS='UNKNOWN')

45 OPEN(UNIT=4,FILE='SUMFIXFDEST',STATUS= UNKNOWN')

47 C * GENERATE THE GEOMETRY.
4R C ************************************************a***************

49 DS=O.6
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so BAD(1)=36

fil BAD(2)=37

52 BAD(3)=44
53 CALL GEOMET(NLDS.NE,NBE,BAD,I,T)

54 C *.&*******************************

6s C * INITIALIZE THE TAPER DISTRIBUTION. *

56 C

57 ET=O.1
58 N-2
Do BNF=I .6
so IFLAGI=O
el IF (IFLAGI .EQ.-I) THEN .

62 CALL TIPER(NE,UV.I,T,ET,N,NL,DS)
63 REWIND 4
64 WRITE(4,101) (I,U(I),V(I),I=1,NE)
85 ELSE

66 END IF
87 REVIND 4
08 READ(4,101.) ( ,()VI ,= o

66 C *****************************************************************

70 C * COMPUTE THE GAIN (DIRECTIVITY) OF THE ARRAY. *

71 C ****************************************************************

72 CALL GAIN(NEU,V,X,T,CDB)
73 C *

74 C * GET THE BEAM WIDTH BETWEEN FIRST NULLS. *

78 CALL BEAH(NEU,V.X,T,BWFN)

77 C *********************.******b*********************************

78 C * GENERATE THE K-SPACE SAMPLE POINTS. *

79 C *******.********.s*******.****.***************************

80 BBF=7.O
81 CALL KSPACE(NMP,YL,DS,BNF,BBF,K1,KT)
82 C * **** ************ .**,**** ******************************

63 C * COMPUTE POWER IN MAIN BEAM. *
84i C ** **.*.****sse**e**a**a*********.**********************************

85 CALL POWI(NE,U,V,I,T,O.QDO.O.PO)

87 C * COMPUTE PEAK SIDELOBE POWER. *
$8 C *.*.a*.*..**********************b******.*****.**********************

89 NP=O
go CALL PEAKSL(NEU,V,I,T,NSP,NMP,K1,KT,IP,NP,PMAI)

P2 C * COMPUTE NORMALIZED PEAK SIDELOBE POWER IN DB.

94 PMAXDB:IO.O*ALOGIO(PMAI/PO)

95 C
go C * PERFORM CONJUGATE GRADIENT STEPS. *

NS=300
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go N1=3

100 CALL CGRAD(NE,NSP,NMP,NS .11,U.V,I .T,SUSV,NP.IP.KX,XTGU,GV.RUU

101 &.HUV,BTUEVVPU.P7,QUQV,RU,RVZU,ZV)
102 REWIND 4
103 WRITB(4,101) (,()vI,~,E
104 C ************S********************

C06 C POWER PATTERN GRAPHICS OUTPUT
108 C **.*.*** ******s*s** **,******.s****

107 REWIND 4

log C

110 C *.PRINT THE POWER PATTERN I$ CYLINDRICAL COORDINATES.
iiC

112 CALL POWPAT(NE,U,V,I.1)
113 C

114 C *PRINT TOE POWER PATTERN IN SPHERICAL COORDINATES.
115 C

1186 CALL SPOWPAT(NE,U,V,I,Y)
117 C
118 C *FORMATS.

lie C *ss**g*a******************e******

120 100 FORMAT(I6,1X,F16.6,1X,FI& .6)
!1101 F0RNAT(I6,1X,FIS .7, 1X,F1S .7)

122 END
123 C

124 SUBROUTINE GEOMET(NL,S,NE.NBE.BAD.I.T)

125 C ~**********************~*********
126 C *COMPUTE THE POSITION OF EACH ELEMENT IN A HEZOGONAL ARRAY.
127 C * .*.******.**************e***e*e
12A REAL*4 X(NE),T(NE)
129 INTEGER BAD(NE),IFLAG

1 0 HGT=(SQRT(3.0)/2.0).S
13 C *****..*****..*********e*** *** **O
132 C *CENTER ROW.
13.1 C .e*..,*******.**,****************

134 Ký0
i~, L70

136 XMIN=-NL*S

137 DO I I=0,2*NL
138 K=X+l
139 L=L+1

140 CALL CHECK(L,NE,NBE.,BAD),IFLAG)
141 IF (IFLAG .EQ. 1) THE?;
142 KaK-1

143 ELSE
144 X(K)=IMINI+I*S

1 15 T(K)=O.0

148 END IF
147, 1 CONTINUE
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148 C ~ **~**.***.****.******.*.*.***.*.
149 C *TOP ROWS.

1se C *. ***e*************e*************

11 INUY=2*NL+l

162 DO 2 3=1,NL

163 INvM=IrUm-1

154 IMIN=-NL*S+J*S/2.0

155 DO 3 I=O,INUM-1
ISO K=K'1

197 L=L+1
158 CALL CBECKCL,NEPNBE,BAD,IFL.AG)
1.59 .. IF (IFL.AG ..EQ. 1) THEYN------------------------

1150 K=K-1

1o1 ELSE
162 X(K)=IMIN+I*S

103 T(K)=HGT*J
164 END IF

in3 CONTINUE
ice 2 CONTINUE
167 C ***************.*****************

168 C *BOTTOM ROWS.

1op C

170 INUM=2*NL+l

DO 4 J=1,NL
172 INUM=INUM-I

173 IMIII=-IL*S.J*S/2.O

174 DO 6 I=O,INUM-i
175 K=K+l

~76 L=L+I

177 CALL CEECK(L,NE.NBE,BAL,,IFLAG)

178 IF (IFLAG .EQ. 1) THEN
179 K=K-1

ISO' ELSE
181 X(K)=IMIN+I*S

182 T(K)=-HGT*J

183 END IF
8R4 6 CONTINUE.

18a5 4 CONTINUE
186o RETURN

17 END
188 C

89 SUBROUTINE CHECK(L,NE,NBE,BAD,IFLAG)

19) INTEGER BAD(NE)

11 IFLAG=O

192 DO I1I=1,NBE
ý P3 IF (L -EQ. BAD(I)) THEN

IP4 IFLAG=1
IP5 ELSE

END IF

45



197 1 CONTINUE
198 RETURN

OLo END

200 C

201 SUBROUTINE BEAM(NE,U,V,XT.BWFN)

202 C *********************a******************************************

203 C COMPUTE THE BEAM WIDTH BETWEEN FIRST NULLS.
204 C *****************************************************************

205 REAL U(NE),V(NE),X(NE),T(NE),KII,KTI,KIP,KTP
208 RAD=. 17453293E-01

207 TP=.6283186E+01
o08 TMIN=O.0

TMAX10.0

210 P0.0

211 NT=140
212 DT (TMAX-TMIN)/NT

213 C *******************************************E********************

214 C , FIND THE MAXIMUM VALUE. *

215 C *

218 CALL POWER(NEU,V,1,T,O.O,O.O,PEAK)

217 C *4*44****************************

218 C * RECOMPUTE AND NOW FIND THE POINT WHICH IS AT THE SLL BELOW THE *

219 C * PEAK. *

220 C **..**********.**************e*********************

221 DO I K=1,90
222 P=P+1.0

221 DO 2 I:O,NT
224 T=TMIN+I*DT
225 TPS=TP*SIN(FLAD*T)

228 KXI=TPS*COS(RAD*P)

227 KTI=TPS*SIN(RAD*P)

228 CALL POWI(NE,U,V,X.,T.II,KTIPOW)
229 IF (POW/PEAK .LE. 0.6) THEN

230 WRITE(2.100) T,I0.0*ALOG(POW/PEAK)
231 GO TO 99
232 ELSE
233 END IF
234 2 CONTINUE
235 99 CONTINUE
23t BWFN=2.0*T
237 WRITE(*,*) 'P BWFN ',P,BWFN

230 1 CONTINUE

2ri 100 FORMAT(FIO.5,1X,FIO.)

24f RETURN

241 END

242 C

243 SUBROUTINE KSPACE(NMP,NLDS,BNF,DBF,KI,KT)

245 C * THIS SUBROUTINE SAMPLES THE KI >0 REGION OF K SPACE. *
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246 C *e*St.***SS*S*S*****S****4ss******

247 REA1.e4 KIC.).KTC*),KC,XI.KXI,KTT.KIMIN.KIMAI,KYMIN.KTMAI

246 RID-:: .174E3293E-Ol

749 Pl-t,31416E93E+O1
250 TP=.O2A3I8SE+O1

2 52 C *COMPUTE THE APPROXIKiTE DIAMETER OF THE .APERTURE.

254 D:.*S L

256 t C * CO':PUTE 7HE BEAM U.LDTB BETWEEN FIRST BULLS OF THE DESIGN
25-1 C PATTERN.
254 C ****t*sS***.*S.*******************

29 BWF.V=SNF*2 .439272/2!
200 C "wss esssw..ssses*.sssss.ss*s.ss4 -

2631 C COMPUTE TEE SMALLEST BEAM WIDTH BETWE±JN FIRST NULLS ALLOWED BY *

2'12 C *THE SYNTHESIS ALGORITHM.*
2?6. C ****************S************S*b**8

264 EWFNS:DDF*BWvFN

265 C *************S*@*#S* ***ss*********

206o C *COMPUTE THE K SPACE RADIUS OF THE ALLOWED MAIN BEAM.*
20?7 C ************S**S*******SS**St****

26P C KC=TP*O.34
260 KCzSIJYNS/2.O

270 C *** ************.**********SS*****

271 C *GENFRATE THE RECTANGULAR LATTICE OF SAMPLE POINTS.*
272 C *******************S*****S*********

?73 KTMIN2--TP

'!71 KTMAXs:TP

27S KIMIN=-TP
276 KIMA1=iP

2 7,7 NKI--4S

7S NK7 z4f
2 70 DKXr(KXMAX--KIMIN)/(NKL. 1)
28Q D)KT(KYMAI-KYMIN)/(NKT-1)

26: NMP-QO
282 110 1 IUV,VKy

283 KYT-1ICM!NIU-lflT
2R4 DO0 2 J3 ,X

285 Y~XI=KXINI4l;JDKI
786l KRl=SQfT(KlI*KII4KTY*KTTY)

2R7 1:r (f(YR CT. KC) AND. (KR .LT. TP)) THEN'
78A NMP:IVMP.1

2AV KXKNmp)zxxx
2 W! KY(NMP>'-XYI

211! ELSE
211., UlD IF

- A 2 CONTINUF

2911 1 CONTINUE
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295 RETURN

290 END

297 C

2911 SUBROUTINE TAPYR(NE,U,T.I,T,ET,N.NL,S)
29 EAL U(NE),V(NE).I(VE),Y(1E)

300 %. R******4*******g*;4*S*****B**)*****

301 C *COMPUTE APPROXIMATE ARRAY RADIUS.
302 C **.**m9*******.*****S.**q*******Y*

* 301 S*

*304 C ********************************

.0 CONPUTE AMPLITUP!. - -

DO I K=1.NE

3419 AMPýFT+ (1. 0-ET)*C(1.O-(R/'A)**2)**vN)

310 U(K)=AMP

312 1 CONTINUE
3i3 RLETURN

3L4 N

31.5 C

;13SITBROUTINF, CGRLAD(NE,,NSPNMP ,NS ,3rI tr,V,X,T,SU,5V,NP, IP,KI ,KT,GU,Ot7

3!7 M MUIVHVUUVV,P!J.PVQUQV,RU,RVZU,ZV)
318 C *'*"*** **,***.*******************4

IaC r OMPUITF POWER IN A SINGLE DIVECTION.*
;10C s*********.***.***

321 REAL*4 (),(E,(),,S()S(1EGUEVN)

3221 REAL*t4 HIJU(NE,NE),HUV(NE.NE),HVU(NE,NE),RVV(NEJIE)
323 REAL*4 PU(NE),PV(NE)(,t1(NE),QV(NE),RU(NE),RV(NE),ZU(NE),ZV(WE)

324 REAL*4 XX(NSP),XT(JISP)
32.1 REAL*4 KXIXYI
a 20 iNTEGER IP(NSP)
n21 C ~ * **********.**@****,,********,**

328 C *INITIALIZE THE NUMBER OF SIDELOBE SAMPLE POINTS.
39C

j~, NP'=0

331 C ** * *e****se******e* *** ********

352 r -PERFORM INS RE-.;TARTS.
.133 C i~*~~* ****************~* .****,***

3314 DO i L=1,NS
135 C

no C FIND THE PEAK SIDELOBE POWER POINT A, UPDATE T11E NUMBER
C *OF MATCH POINTS.
C
.lpCALL FELKSL(NE,U,V .X,!,NSP,7!ý9,K1 .KT,IP,NPFM'AX)

311 WRITE(2.160) (IP(I),I=1,PTP)

.312 100 FORMAT(1O16)
34.4 C * * * * * * * * * * * * * *A * * *.* * * ** * * *A**



344 C *FIND TIM POWER IN TRiS MAIN BEAM.*
345 C

346 KXII=0.0

347 KTI=0.O
348 CALL POWI(NE,UV,I,Y,KXI.KYI,PO)

349 C
350 C *COMPUTE AND STORE AN ARRAY OF THE 1ST DERIVATIVE OF THE

asi C *POWER IN THE MAIN BEAM DIRECTION WITB RESPECT TO THE MTE
352 C *VARIABLE.

353 C 0*******i******************** * **

354 1(11:0.0
355 KYIZO.O

356 DO 2 M=1,WE
35? CALL DPOWIU(NE,U,Y,IT,M,KXIKYI,DPWIU)

3S a SU(M)=DPWIU
359 CALL DPaWIV(NE,U.V,X,T,M,KXI,xYIDPWIV)

30f) SY(M)=DPWIV
361 2CONTINUJE

.362 C

303 C *COMPUTE AND STORE THE AVERAGE SIDELOBE POWER.
3 01 C ********** *.********.*******

3#15 PA=0.O
306 DO 3 I=1,NP

307 CALL POWICNE,U,V,X,T,KX(IP(I)),XT(IP(I)),POVEP.I)
3AR PA=PA.PCWERI

3p3 CONTINUE
.170 PA=PA/NP

371 WftlTE(*,200) L,lO.0.ALOGIO(PA/P0),1O.0.ALOGIO(PMAX/P0)
372 WRITE(2,200) L,1O.0.ALOG1O(PA/PO),1O.O'ALOGIO(PIMAX/PO)
373 2.00 FORMAT(1I,I5,tX,lAVE PEAK SLL',11,F16..61I,
374 A 'PEAK SLL',11,716.6)
,1*s C

376 C *COMPUTE THE NEGATIVE OF THE GRADIENT.
37 7 C ~ ****.*******************s.**s*

378 DO 4 P1:1.NE

3Y0 C *A* * ** **4***4444 4***444**444

.l~* COMPUTE THE DERIVATIVE OF THE AVERAGE SIDELOBE POWER.
SC ***4.44**44***4**.*.*,....*w*.

3F2 DF'AMU:O,0
343 DPAMV:0.0
31,1 DO 6 I=I,NP

30ý5CALL DPOWIUCIJE,UV,X,T,M,KX(IP(I)),KT(IP(I)),DPWIU)
3883 DPAMU~fbPIMU+DPVIU

3w;CALL DPO'41V(NE,U,V,X,T,M,KX(IP(I)) ,KI(lP(I)) ,DPWIV)
3664 DFAMV=DPAflV4DPWIV
3.ISO CONTtMflE
.191 DPAM1J7DPAM4'/N7'
391 DPAMVrl)FAMV/WP

32C
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393 C *COMPUTE THE NEGATIVE GRADIENT.
394 C

395 OUCM)=(PA*SU(M)/PO-DPAMlU)/PO
396 OV(M)=(PA*SV(M)/PO-DPAMV)/PO
397 4 CONTINUE
398 C

Co C COMPUTE THE SYMMETRIC HESSIAN SUB MATRICES NUU AND IVV
400 C

401 DO 6 M=1,NE
402 DO 7 N=M.IE

403 KII=O.O - - - -

404 KYI=O.0
05 CALL DDPIVUI(NF.,X,TM.,IKIIKYI,DDPUU)

4(16 DDPOUU=DDPU`U
407 CALL DDPIVV(NE.,X,TM,NKII,KTIDDPVV)
408 DDPOVV=DDPVV
409 DDPAUU=0.0

410 DDPAVV=O.O
,III DO 0 I=1,NP

412 CALL DDPIUUCNE,I;Y,M,N,XX(IP(I)),x1(IP(I)),DDPUUV)
413 DDPAUrU=DDPAUU'DDPUU
414 CALL DDPIVV(NE.X,Y.M,N,KX(IP(I)).KY(IP(I)),DDPVV)

415 ~ DDPAVV=DDPAVV+DDPVV
418 8 CONTINUE
417 DDPAUV=DDPAUU/NP
418 DDPAVV=DDPAVV/NP

419 HUU(M ,N)=(GU(N).SU(M)+GU(M)*SU(N)+DDPLUU-PA*DDPOUU/PO)/PO
420 HIuu(x.m)=HvU(m 1N)
421 IIVVCM,N)=(G7(N).S7(M).GV(M)bSV(N).DDPAVV-PA*DDPOVV/PO)/PO

422 HVVCN,M)=HVV(MN)
423 7 CONTINUE

424 8 CONTINUF
421, C

428 C *COMPUTE THE ASYMMETRIC HESSIAN SUB MATRICE Hill. 0
427 C

428 DO 9 ?t=1,NE
4291 DO 1O N=1,NE
430 XIIzO.0
431 KYI=O.O
432 CALL DDPIUV(NEX,T.YM,N,KXI,KYI,DDPUV)

433 DDPOUV=DDPUV
4.34 DDPAUV=O,O
43f, DO 11 I=I,NP
420 CALL DDPIUV(NL,XYM,N.XXCIP(I)) ,KT(IP(I)) ,DDPUV)
437 DDPAUV=DDPAUV4DDPUV
4.1A 11CONTINUE

4)p DDPAUV=DDPAUV/NP
440 HUVCM 1N)=(GV(M)*SU(M)+GU(M)'SV(N)4DDPAUV-PA*DDPOUV/Po)/PO

H.4.M=UVMN
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442 10 CONTINUE
443 9 CONTINUE
444 C
'45 C *START THE CONJUGATE GRADIENT ALGORtITHM.
448 C

447 C

448 C *INITIALIZE THE RESIDUAL.
449 C m.*********..****..**8*****0.**

450 DO 12 M=1,NtE
451 RU(M)=GU(M)
452 RV(M)=GV(M)

453 zU(M)=0.o -

464 ZV(M)=O.O
455 12 CONTINUE
4156 C

457 C *INITIALIZE SEARCH VECTOR.
458 C

459 CALL MATVEC(NE,ffUU,RU,HUV,RV,QU)
46C CALL MATVEC(SE,HVU,PdJ,HVV,RV,QV)

461 CALL NORM22(NE,QU,QUN)
462 CALL NORM22(NE,QV,QVN)
403 BEO=i.O/(QUN+QVN)

484 DO 13 I=1,NE
405 PU(I)=BEO*QU(I)
488 PV(I)=BEO*QVCI)
4037 13 CONTINUE
468 C ** ee..******************e***'*

469 C *PERFORM4 CONJUGATE GRADIENT ITERATIONS.
470 C

471 DO 14 K=1,Nl
472 C

473 C *UPDATE AMPLITUDE VECTOR AND RESIDUAL.*
474 C 8*88* * **88** *8**************8**

47F; CALL MATVEC(XE,HUU,PU,HUV,PV,QU)
'176 CALL MATVEC(NE,gVU.PUBVV,PV,QV/)

477 CALL NORM22(NE,QU,QUN)
478 CALL NORM22(NE,QV,QVN)

479 AK=1 .0/(QUN+QVN)
180 DO 16 I=1,NE
481 ZUCI)=ZUCI)+AK*PU(I)

483 RU(I)=RU(I)-IKOQU(I)
484 RV(I)=RV(I)-AK*QV(I)
485 16 CONTINUE
486 CALL NORM22(NE,RU,RUNM)
4037 CALL NORM22(NE,RV,RVNM)
4M48 EFRR:SQRT(RUVM+RVNM)

489 WRITE(*,6OO) L,KDERR
4901 WRITE(2,600) L.K,ERR



491 100 FOE.4&T(31, •RESIDUALL ,11oI,1XI3,13.1,216.8)

492 C ***. **** S* ****e***************o*******************

493 C * UPDATE SEARCH VECTOR. *

494 C

495 CALL MATVEC(NE,HUURUHUV,RV,QU)
496 CALL MATVEC(NEHVU,RU,BVV.RV,QV)
497 CALL NORM22(NE,QU,QUN)
498 CALL NORM22(NE,QVQVN)
499 BEK=1.O/(QUN+QVN)
500 DO 18 I=l,IE
501 PU(I)=PU(I)+BEK*QU(I)
502 PV(I)=Pv(I),BEK*QV(I). ....... ..
503 16 CONTINUE
604 14 CONTINUE
sos C
soe C * UPDATE AMPLITUDE VECTOR. *
507 C

508 DO 17 I-1.NE
Goo u(z)--u(I)+ZU(I)
610 V(I)=V(I)÷ZV(I)

511 17 CONTINUE
612 CALL NORMAL(NE,UV)
313 C *******************************

514 C * WRITE OUT THE NEW ESTIMATE TO A FILE. *
61S C

&to REWIND 4
517 WRITE(4,101) (I,U(I),V(I),I=1,NE)
|SI 101 FORMAT(I5,1I.F16.7.1I,Fl6.7)

619 IF (NP .EQ. NMP) THEN

620 GO TO 99
621 ELSE

522 END IF
623 1 CONTINUE

524 99 CONTINUE
625 RETURN
626 END
627 C
528 SUBROUTINE PEAKSL(NE,UV ,I ,X NSP,NMP,KI,KTYIP.NP ,PMAI)
529 C

630 C * THIS SUBROUTINE FINDS THE PEAK SIDELOBE POWER LEVEL COORDINATE *
531 C * POINT (KX(LMAI),KT(LMAl)). IF THE POINT IS NEW THEN IT IS
532 C * ACCUMULATED INTO THE PCINTER AMRAY IP. THE NUMBER OF POINTS IN *

633 C * THE INTEGER POINTER ARRAT IP IS NP SUCH THIT IP(I),I=I... NP. *

534 C * * ***********************************************

535 REAL U(NZ),V(NE),X(NE),T(NE),KX(NSP),KT(NSP)

536 INTEGER IP(NSP)
537 C

b.8 C * COMPUTE THE POWER AT EACH POINT AND FIND THE MAX.
539 C ********** e**************************************
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540 PMAX=-1000.0
541 LMAX=-1

542 DO 1 I=INMP
543 CALL POWI(NE,U,V,I,Y,KX(I),KT(I).PWI)
544 IF (PWI .GT. PMAX) THEN
545 LMAI=I
646 PMAI=PWI

547 ELSE
548 END IF
549 1 CONTINUE
550 .C ...

551 C * COMPARE LMAI TO ALL THE PREVIOUS POINTERS IP(I),I=1.. .NP. *
552 C * IF LMAI MATCHES ONE OF THE PREVIOUS POINTERS THEN THE *
553 C * POINTER ARRAY NEED NOT BE UPDATED (IFLAG=I). IF LMAX DOES *
554 C * NOT MATCH A PREVIOUS POINTER VALUE (IFLAG=O) THEN IT *
555 C

5is6 IFLAG=O

557 DO 2 I=I,NP

558 IF (IP(I) .EQ. LMAI) THEN
559 IFLAG=1
5se ELSE

Sol END IF
562 2 CONTINUE
Sol IF (IFLAG .EQ. 0) THEN
564 NP=NP+1
ses IP(NP)=LMAI
660 ELSE
567 END IF
S5a8 RETURN

569 END

570 C
571 SUBROUTINE POWI(NE.UV,ITKII,KTIPOWERI)
572 C **.**.*.*.ss.*as**.* ..***o.**************************

573 C * COMPUTE POWER IN A SINGLE DIRECTION. *

574 C *********e**s** q.*.** **,..** *****s.******

575 REAL U(NE),V(NE).I(NE).T(NE).KII.KTI
576 SUMI:O.O

577 SUM2=O.0
578 DO 1 K=I.NE
579 PSI:KII*I(K)+KTI*T(K)
SRI) CP=COS(PSI)

Sol SP=SIN(PSI)

5•2 SUMI SUMI+U(K)*CP-V(K)*SP
5R6.1 SUM2=SUM2*U(K)*SP+V(K)*CP
s54 1 CONTINUE

5SA5 TI=SUMI*SUM1

5S66 VI:SUM2*SUM2

5A 7 PO'.3ERI=TI+VI
s68 RETURN
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559 END
590 C

S SUBROUTINE DPOWITJ(IE,UV,XI,TM,KII,KYI,DPWIU)
592 C ********************************e

593 C 0 COMPUTE 1ST DERIVATIVE OF POWER WITH RESPECT TO THE KTH VARIABLE*
b4C * IN THE ITH DIRECTION.

595 C .
Soo REAL U(NE) 1VCIE) ,I(NE) ,T(NE) .K1I.KTI
so-7 C *************t********************

598 C *COMPUTE SUMS.
S0o C **********************************----------

Soo SUM1=O.Q

01 SUM2=O.O
602 DO I K=1,NE
603 PSI=KXII'XX)+KTI.T(K)
604 CP=COS(PSI)

805 SP=SIN(PSI)
06SUMi= SUM +u(xK) 'CF-V (IC) *SP

607 SUM2=SUM2+U(K)*SP+V(K)*CP
S0S I CONTINUE
609 C

OjO C 'COMPUTE 1ST DERIVATIVE OF POWER.
oil C *******..***..*s...****** *s*,.** **
(112 PSIM=KXII'XM)+KTI*TCM)
613 DP'4IU=2 .O.(COS(PSIM).SUMI+SIN(FSIM)*SUM2)

A14 RETURN

015 END
al6 C

617 SUBROUTINE DPOWIV(NE,U,V,I,T,M,XXI,KTI,DPWIV)
Cie C ****a*.*****.**a.****.**.*.***.

619 C * COMPUTE 1ST DERIVATIVE OF POWER WITH RESPECT TO THE HTH VARIABLE*
620 C * IV THE ITH DIRECTION.

621 C

C2 REAL U(NE)IV(NE),1(NE),T(NE),K1I,KTI
e23 C *.*...**.*....*s.*,,,**.,..**.** **

024 C *COMPUTE SUMS.

025 C

626 SUM1=O.o
627 SUM2=O.0
628 DO 1 K=1,11E
629 PSI=KXIIX(K)+KYI*T(K)
A30 CP=CoS(PSI)

631 SP=SIN(PSI)

e32 SUM1=SUMI+UCK)*CP-V(IC)*SP
033 SUM2ýSUM2+U(K)*SP+V(K)*CP

6.4 CONTINUE
635 C

630 C *COMPUTE 1ST DERIVATIVE OF POWER.
637 C
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638 PSIM=KII*I(M)+KTI*T(M)

639 DPWIV=2.O*(COS(PSIM)*SUM2-SIN(PSIM)*SUNI)
640 RETURN

841 END

842 C

643 SUBROUTINL DDPIUU(NE,ZT,MN,KXI,KYI,DDPUU)
644 C *********************O******************************************

645 C * COMPUTE 2ND DE,:VLTIVE OF POWER WITH PRESPECT TO THE K AID NTH *
848 C * VARIABLES IN THE 1Y7 DIRECTION.

647 C *******..*****s.***.****....*.*.*.,.....*..*.****,***..*.*...

-. . . ....... .48 -... REAL*4 X(NE),IE),RIIXTI .

649 C ***************v***.****.***********************************

0 C * COMPUTE DIFFERErCE OF PSI FUNCTIONS. *
851 C *****************************************************************

852 PSIM=KXI*I(M)+KTI*T(M)

853 PSIN=XXI*X(N)+KTI*T(N)

654 DIF=PSIM-PSIN

055 C *********************************

ese C COMPUTE 2ND DERIVATIVE OF POWER. *

657 C **********************************************o*****************

658 DDPUU=2.0*COS(DIF)

859 RETURN
080 END
8B1 C

862 SUBROUTINE DDPIUV(NE,X,T,M.N,KII,KTIDDPUV)
883 C *..********************************

804 C * COMPUTE 2ND DERIVATIVE OF POWER WITH RESPECT TO THE M AND NTH *
6e6 C * VARIABLES IN THE ITS DIRECTION. *
866 C ***********.**********s****e*****.****.s********.*.*.**.***.****..****

867 REAL*4 I(NE),T(NE),XXI,KTI
868 C
689 C * COMPUTE DIFFERENCE OF PSI FUNCTIONS. *

870 C

871 PSIM=KII*I(M)+KTI*.(M)
672 PSIN=KII*I(N)+KTI*T(N)

673 DIF=PSIM-PSIN
674 C *******************************************************************

875 C * COMPUTE 2ND DERIVATIVE OF POWER.

876 C *******e.***g******s******. ****** *************.

877 DDPUV:2.O0SIN(DIF)

878 RETURN
879 END

Sao C

881 SUBROUTINE DDPIVV(NEI,T.M.N,KII,KYI,DDPVV)

882 C *

8AA C * COMPUTE 2ND DERIVATIVE OF POWER WITH RESPECT TO THE M AND NTH *
884 C * VARIABLES IN THE ITS DIRECTION. *

68( REAL*4 X(NE),T(NE),KII,KTI
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007 C *********************s**s*****************s***************S*********

Gee C * COMPUTE DIFFERENCE OF PSI FUNCTIONS.
egg C ******4***w.**e.*****************

vo, PSIM=KII*X(M)+KYI*T(M)
Gal PSIN=KII*I(N)+KYI*T(N)
092 DIF=PSIM-PSIN
098 C *********e*****.*s**************s**** **************

094 C * COMPUTE 21D DERIVATIVE OF POWER.

6095 C ************* .*******.***** *****************e*.*****

696 DDPVV=2.0*COS(DIF)
097 --RETURN . - -

egg END
069 C

70o SUBROUTINE NORM22(N,I,AN)
701 C ****..******.**..s*****.**.**.***********.*****a.*****

702 C * THIS SUBROUTINE COMPUTES THE EUCLIDIAN NORM SQUIRED OF A. *

703 C
704 REAL*4 A(N)
705 AN=O.0
706 DO I I:1,N
707 A,;=AN+A(I)*A(I)
708 1 CONTINUE
709 RETURN
710 END
711 C

712 SUBiLOUTINE MATVEC(NA,B,C,D,E)
713 C **. *********. ***** ***********.****.***.******

714 C * THIS SUBROUTINE COMPUTES THE MATRIX PRODUCT E=AB+CD. *

71b C .**.**...**..**.************.*...

710 REAL*4 A(N.N),B(N),C(N,N),D(N),E(N)
717 DO I I=iN
71A SU=O.0

719 DO 2 J=I,N
720 SUM=SUM+A(I,J)*B(J)+C(I,J)*D(J)
721 2 CONTINUE
722 E(I)=SUM
723 1 CONTINUE
724 RETURN
725 END
720 C

727 SUBROUTINE NORMAL(N,A,B)
728 C * ** * ** * **

729 C * THIS SUBROUTINE NORMALIZES A VECTOR OF LENGTH N. *

730 C

731 REAL*, A(N),B(N)
732 VMAX=SQRT(A(1)*A(l,"B(l)*B(1))
733 DO I I=I,N
734 V=SQRT(A(I)*A(I)+B(1)OB(I))

736 IF (V .GT. VMAX) THEN
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736 VMAI:V

7j47 ELSE
738 END IF

739 1 CONTINUE
740 DO 2 I=1,N

741 ACI)mA(I)/ABS(VI4AX)

742 BCI)=B(I)/ABS(VMIX)
74 3 2 CONTINUE
744 RETURN

74S END
74e C

747 SUBROUTINE GALN(NE.U,V,IYT,GDB)

740 C **.*****~'e,*.~.**.***************

749 C COMPUTE POWER IN A STNGLE D~IRECTION.
750 C

.1 REAL U(NE;),V(NE).X(NE),!(NE)

'2 RAD=.17463293E-O1.
-3 PI=.3141593E+O1
74 TP .3283186E+01

755 C *******4******************

756 C *GRAPH IINPUTS*

757 C ******4***************************

758 NPý41
75D NR=31
760 PMIN=0.O

761 PMAX=380.O
762 TMIN=O.C

783 TMAX=9O.0
784 DPC(PMAX-PMIN)/(NP-I)

785 DR=(TMAI'-TMIN)/(Nlt-1)
7A6 C
767 C *COMPUTE PEAK VALVE.

768 C

769 CALL POWER(NE.U,V,X,T,O.O,O.O,PEAK)
77A C .e.*., **...s.****** ***0*****4 *

771 C *COMPUTE THE SOLID .INGLE.*

772 C *****...**.**..**.*,*..***.*****

773 SUM=O.O

774 DO I I=O,NR-2
775 TýTMIN+DR/2.O+I*DR

778 ST=SIN(RA.D*T)
777 DO 2 J=O,NP-2

778 PýPMINDP/2.O+J*DP

779 CALL POWER(NE,U,V ,XI,Y,T,P ,POW)
780 SUM=SUII+STOPOW
M* 2 CONTINU'E

782 1 CONTINUE

783 TEST=RAD*RA.D*DR*DPOSUM
*7R4 SOLID=RAD*RLAD*DR*DP*SUMYPEAK
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785 QDB=1O .O*1LOG1O(TP/ SOLID)
780 RETURN

787 END
788 C

79 SUBROUTINE POWPAT(NE,U,V,Z,T)
790 C .*.*......***.....*S*..***.*.** **

791 C *COMPUTE POWER IN & SINGLE DIRECTION.
792 C ... *........*s.e.a**.** *** ****.**

73 REAL U(NE).VNE),I(NELY(NE)

794 OPEN CUNIT=7 .FILE= 'DATA')
-795 RAD=.17453293E-O1-

toe PI=.3141693E+01

797 TP=.628318&E+01
798 C ****e**s***.*********************
799 C *GRAPH INPUTS*

80o C a*..**..********s**.*********S* **

801 NP=65
802 NR=30

803 NS=O

804 PMIN=O.o

606 Pmkx=360.0
806 TMIN=O.O
807 TMAX=90.0
808 DP=CPMII-PMIN)/(NP-1)

bo Dfti(T1NAX-TMINf)/(NR-1)
13 xr 160 .0

ell AT=AI
812 AZ=680.0
813 P0=66.0

814 QO=60.0
815 IA=-2.O

ft1e IB-ý2.0

817 TA=-2.0

018 TB=2.0

Sig ZA=-2.0

821-1 ZB-2.3

821 AT=.3

822 WRITE(7,*) NP,NR,NS,AI.AT,AZ
823 WRITE(7,*) IA,IB,YA,TBZA,ZB
824 WRITE(7,*) AT,PQ,QO

925 C **~****.**O**~*******************

8128 C *PHI VALUES.

027 C

828 DO 1 I=0,NP-1

8 7fjP=PMIN41*DP

8301 WRITE(?,*) RAD*P

8.31 1 CONTINUE

832 C *e*..*****e*q**ese*e*s***S**eee**

833 C *RADIAL (THETA) VALUES.
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834 C *****~***********************~**

835 DO 2 10,NRR-1

r., T=TMIN+I*DR

837 WRITE(7,*) R.AD*T
t 3a 2 CONTINUE

83P C ***********S*****S***************

840 C *FUNCTION VALUES.

A41 C **e*****e**e*********************
842 C

843 C *COMPUTE PEIX VALUE.
844 C.....***********,************* ****.--

845 CALL POWER(NEU,V,X,T,O.O,O.O,PEAX)

048 C

847 C *COMPUTE EACH VALUE.
848 C

840 DO 3 I=Q,NR-1

850 T=TMIN+I*DR

851 DO 4 J=O,NP-1

852 P=PMIN*J*DP

853 CALL POWER(NE,U,V,I.,T.TP,POW)
064 WRITE(7,*) POW/PEAK

oss 4 CONTINUE

ose 3 CONTINUE
857 RETURN
858 END
859 C

880 SUBROUTINE SPOWPAT(NE,UVIT)

882 C *COMPUTE POWER IN A SýiWGLE DIRECTION.*

884 REAL U(NE),V(NE),Z(NE),T(NE)

8fsOPEN (UNIT=R ,FILE- 'SDATA')
806 R.AD=.17463293E-01

667 PI=.3141693E+01
Sf18 TP=.5283186E+O1

880 C ******

870 C *GRAPH INPUTS
871 C C

872 NP=i1S
873 NR=63
874 NS=O

85 PMIN-O.O
88 PMAX=3e0.O

877 TtIIN=O.O

87ft TMAX.9O.O-
879 DP=(PMAX-PMIN)/(NP-1)

8Of DR=(TMAX-TMIN)/(NR--1)
88! AX=800.O
882 AY=AX



883 AZAX1
884 P0=2 .0
885 00=G0.0
888 IA=-2.O
as' XB=2. 0
888 TA= -2. 0
889 TB=2.0

ao ZAý-2.0
891 ZB=2 .3
893 IT= .3
893 IT=4

84 WRITE(8.'e) NP,NRNS,IT,AIAT,AZ
895 WRITE(8,*) IA,IB,TA,TB,ZA,ZE
898 WRITEC8,*) AT,PO,QO
897 C ~ **********S****************S*****

898 C *PHI VALUES.
ago C ********* **es*aaaasaaassesswssessw

900 DO 1 I=0.NP-1

901 P=PMIN.IaDP
902 WRITE(8,*) RAD*P
903. 1 CONTINUE

P04 C *

905 C sRADIAL (THETA) VALUES.
goo C * ssasassas~~a~aes~ass*sa*~..a...s
907 DO 2 I=0,NR-1

Qý)F TrTMI!1A1*DR
9(19 WRITE(S,-) RAD-7

9o2 CONTINUE
oil C

912 C *FUNCTION VALUES.*
913 C ** ees a** saaeaasseqsseeasssssa.asaa

14C

vis C *COMPUTE PEAK VALUE.*
paC

017 CALL POW1ER(NE.UI,V,1.T.0.0,0 .O.PEAK)
918 C

910 C *COMPUTE EACH VALUE.

9 2) C

U21 DO 3 1=0 ,NR-1

92, T=TMIN+I.DR
9 23 DO 4 J=O,NP-1
924 PrPMIN4J*DP
925 CALL POWERCNE,U,V,X,T,T,P,POW)
920 WR1TE(8,*) POW/PEAK
927 4 CONTINUE
928 3 CONTINUE
U-1; RETURN
93'If END

03 C
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932 SUBROUTINE POWER(NEU,V,X,T,T,P.POW)
933 C *****...*.*****4*************** **

934 C *COMPUTZ POWER IN A SINGLE DIRECTION GIVEN A THETA AND PHI..
* ~~~~~~~~,6 C **.*d.*b***********9 *************

936 REAL U(NE) ,VCNE),lCNE)PY(XE),IK1I,XTI
937 RAD-. 17463293E-Oi

38 TP=.8283166E+01.

039 TPS=TP*SIN(RAD*T)
940 RP:*RAD*F

9-: KXI=TPS*COSZRP)
942 KTI=TPS*SIN(P.P)
V.43 SUMI0.:O.

M4 SUM2= 0.0
DO 1 K=1,NE

PSI=KXI*X(K)+KYI*T(JC)
Cp=CoS(psl)

948 sp-SIN(psi)
9 W SUN1ASUI1+U(K)*CP--V(K).kSP
95's-,u2 SUl2 +U( K *SP+ V(K *CP

ftI CONTINE

TI=SUMI.SumI
53 VI=SU1M2*SUM2

R4 POWZTI4t2:
ar5 RETURN~

956 END
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PROGRAM DIFSTN

3 C * THIS PROGRAM STSTEESIZES THE AMPLITUDE AND PHASE DISTRIBUTION *

4 C * NECESSARY TO GENERATE A DIFFERENCE PATTERN OVER A HEXAGONAL *

5 C * tARAT OF POINT SOURCES WITH SOME ELEMENT FAILURES. *

7 C * TIMOTHIY J. PETERS "ST UPDATED *

a C * THE AEROSPACE CORPORATION .191 *

p C * 2360 EAST EL SEGUKDO BOULEVARD.

1o C * EL SEGUNDO, CA 90246
lI C *s******.***..&* se****~***e*****.*********************************#*** '"

I? C 'INPUTS: ... *

13C * *

14 C * NL - NUMBER OF LAYERS FORMING TEE HEXAGONAL LOTTICE *

15 C * NTE - NUMBER OF TOTAL ELEMENTS =(1+3*NL*(NL+I)-NL)/2 FOR NL ODD *
lo C * =(3-NL*(NL41)-NL)/2 FOR NL EVEN *

1T C * NBE - NUMBER OF BAD ELEMENTS 0

s8 C BAD(1..NBE) - INTEGER ARRAT HOLDING THE NUMBER POSITION OF EACH 0

1o C * BAD ELEMENT IN THE ARRAY. *

20 C * DS - THE ELEMENT SPACING IN WAVELENGTHS. *

21 C * NE - NUMBER OF ACTUAL ELEMENTS = NTE-NBE.

22 C * SLL SIDELOBE LEVEL OF DESIGN BATLISS DISTRIBUTION. *

23 C * NBAR- ARAMETER FOR BATLISS DISTRIBUTION. *
24 C * BDF - THE BEAM WIDTH BROADENING FACTOR. THIS ALLOWS THE BEAM *

25 C 7 T0 BROADEN BEIOND THE DESIGN VALUE 11 ORDER TO REDUCE THE *
:0 C * SDELOBES WHEN ELEMENTS FAIL.
27 C * NSP - NUMBER OF SAMPLE PC'INTS IN THE SIDELOBE REGION. *

28 C * NS - NUMBER OF RESTARTS. *

29 C NI - NUMBER OF CONJUGATE GRADIENT ITERATIONS PER RESTART. *

30 C * *

31 C * OUTPUTS: *

32 C * *

a3 C * U(NE) - REAL PART OF THE EXCITATION OF EACH ELEMENT. *

34 C * V(NE) - IMAGINARY PART OF THE EXCITATION OF EACH ELEMENT. *

35 C *

36 PARAMETER (NL=6,NTE:43,NBE:O,NE=43,NSP=700)

:17 REAL*4 U(1NE),X(1E),T(NE).S(NE).GN(Nz),H(NE,NF),P(NE),Q(NE),R(NE)

1s REAL*4 Z(NE),KI(NSP),KT(NSP),KIP,KTP,NWBP

39 INTZGER IP(NSP),BAD(NE)

40 PI:.3141593E+O1
4: CPEý(UNIT=2,FILE='OUTPUT',STATUS:'UIfKNONf')
42 OPEN(UNIT=4,FILE-,'ESTIMATE',STATUS='UNKNOWN')

41 C

44 C * GENERATE 'fBE GEOMETRY. *

15 C
41 DS:O.6
47 BAD(1)=15

-IN BAD(2) '17

• y BAD(3):20



so CALL QEOMET(NL,DS.NEKDE,BAD,IST)

52 C *INITIALIZE TEE TAPER DISTRIBUTION,

64 IFLAG1=1
55 SLLý--4O.O
56 NBAR=1O

67 IF (IFLAGI .EQ. 1) TEEN
b* 'CALL TAPtRCNE,U,Z,Y.SLL,IEAR,IL,DS)

se REWIND 4

-0 -ELSE

62 END IF
F1n REWIND 4

84 READ(4.IOI) (I,UCI),I=1,NE)

86e C *COMPUTE TEE GAIN (DIRECTIVITT) OF TEE ARRAY.*

638 C CALL GAIN(NE,U9 ,Y,CDB)
noC

70 C *FIND THE HALF POWER NULL WIDTH BETWEEN PEAKS.*
z1 C *s*..*.~*..es*.*.*********.,******

72 C CALL BEAM(NE,U,X,Y,NWDP)
73C

74 C *GENERATE THE K-SPACE SAMPLE POINTS.*
7S C

76 BBF=I.24
77 CALL KSPACE(NMP,NL,DSSLL,NSAR,BBF.KI,KT)

7 tC
70 C *COMIPUTE NORMALIZED PEAK SIDELODE POWER IN DB.
so C s~sseae*sss*ssss*s*sssssssei*** ***

81 CALL, PEKPOW(NE,U.I,TKIPKTP,PO)

A82 NP=0
ft3CALL PEAKSL(NE,U,I ,T,NSP,NMP ,KI,KT,IP ,NP,PMAI)

84 PMAIDBriO .O*ALOGIO0(PMAX/PO)
85C

Aft C *PERFORM CONJUGATE GRADIENT STEPS.*

87 C

go CALL CGRAD(NEINSP.NMP,NS,NI ,U,I,T,S,NP9IP,KX,KT,GN,H.P,QR,Z)
gi REWI~iD 4
02 WRITE(4,101) (IU(I),I11.NE)
V.3 C **s.eee*swsaeeJe**es*ees*.ssseaete

84 C *POWER PATTER!I C.RAPHICS OUTPUT.*
gs C *~*.sse~~*a..~.*..s~..*eeas.ts *.*

p) REWIND 4
Q7 READ(4,101) (,()hL
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gS C * PRINT THE POWER PATTEYM IN CYLINDRICAL COORDINATES. *

100 C

101 CALL POWPIT(NEU,X,T)

102 C

103 C * PRINT THE POWER PATTERN II SPHERICAL COORDINATES.
104 C

CALL SPOWPAT(NE,U.IY)
108 C

107 C * FOP.RATS. *
108 C ************a* ******.************.*********.************************

log 100 FORMAT(I6,F16.6,1I,Ft6.5)
Ito 101 FORMAT(I6,P1S.7) ....... . ..

iii END

112 C

113 SUBROUTINE GEOMET(NL,S,NE,NBE,BADX,T)
114 C ***************************************************.********a**

its C * COIIPUTE THE POSITION OF EACH ELEMENT IN A HEZOGONAL ARRAY.
116 C ********************************.

117 REAL*4 I(NE),Y(NE)
118 INTEGER BAD(NE),IFLAG
lip HGT=(SQRT(3.,))/2.0)*S
120 C * **a**e* *..**.a*..*..*a...*** 0.**************..*..*..

121 C * CENTER hOR.1.
122 C ***********Oa***********************************************

123 K=O
i2i L=O

125 IMIN:-NL*S
126 DO I 1=0,2*VL
127 XX=XMIN4I*S

138 IF (XX .GT. 0.001) TEEN
120 LL+ I

13o CALL CHECK(LNE,NBE,BID,IFLIG)
131 IF (IFLAý .EQ. 0) THEN
132 KXI(K
133 X(K)=XZ
134 T(K)-O.O
I;. ELSE
130 END IF

137 ELSE
138 END IF
139 1 CONTINUE
I-In C

141 C a TOP ROWS.
142 C *.e*.s, *a* ** ***a .*e**,**** *:aauaa.*,.

14:4 IWUMz2*NL+i
141 DO 2 J7,1ML
1 Vc, INUMý I ;Um.- I

I XMInN.-N1,*S4J*S/2.0

117 DO 3 I-O,INUM--l
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148 II=IMIN+IoS
140 IF (U .GT. 0.001) THEN
0so L=L+l

1561 CALL CRECK(L,IE,1BE,BAD,IFLLG)
152 iF (IFLAG .SQ. 0) THEN
163 K=X÷i

1b4 (K)=II
Is$ Y((K=-HT*J

156 ELSE
151 END IF

lag ELSE
--1 .. END IF
ieo 3 CONTINUE
1l1 2 CONTINUE
182 C * o* o e* * * •* *,* qQ*q* * **0•* .**** *0*9**0*0***** ****.0***€•* **.0***** 00

t 1 C * BOTTOM ROWS. *

184 C ***S* *****00000000600************
IO; liU.-- 2NL÷ I

lea DO 4 J=I,NL
107 INUNZINUM-l

103 IMIN=-NL*S+J*S/2.0
)(to DO 5 I=,INUM-1
170 XX=1MIv'•I*.

171 IF (IX GT. 0.001) THEN
172 L-L+ 1

1 7,1 CALL. CHECK(L,?IE,9BE,A'-P,IFLAC)

174 IF (IFLAG .EQ. 0) TEEN
:75 K=K+1
170 X(K)=Xt
177 T(X)=-HGT*J

.70 ELSE
179 END IF
[An ELSE

181 END IF
182 & CONTINUE
183 4 CONTINUE

184 RETURN
186, END
Ise C

107 SUBROUTINE CHECK(LE, NBE.8AD,IFLAG)
155 C *0*0*0*********************************** *********0**0***0*********0*

tao C * CHECK TO SEE IF THAT ELEMENT IS BAD. *
lOg C **** ****g *********************************************

I W; INTEGER BAD(NE)
1112 IFLAC=O
I DO I I 1,N8E
,,,1 IF (L .EQ. BAD(I)) THEN

I IF.AGLS 1
•ve ELSE

(15



197 END IF
Iva I CONTINUE

190 RETURN
00 END

201 C

202 SUBROUTINE BEAM(NEU.Z.T.BWFN)
203 C ***********************S*********

234 C COMPUTE THE BEAM WIDTH BETWEEN FIRST NULLS.
205 C

200 REAL U(NE) .ZCNE),T(NE).KXI,ICYI.KIP,K'TP
207 RID=.17463293E-O1

208 TP=.6283185E+01 -

209 TMIN=0.0
210 TMAI=12.O
211 P=0.0

212 NT-z140

213 DT=(TMAX-TMIN)/NT

215 C *FIND THE PlAZIMUM VALUE.
26C

217 CALL PEKPOW(NE,U,I,T,KIPKYP,PEAK)

218 C

219 C *RECOMPUTE AND NOW FIND THE POINT WHICH IS AT THE SLL BELOW THE
220 C *PEAK.

221 C

222 DO 3 I-0,NT
223 T=TMIN+I*DT
224 TPS=TP*SIX(RAD*T)

225 KII=TPS

220 CALL POWI(NE,U,I,Y,KXI,0.0,POW)
2?7 IF (POW/PEAK .GE. 0.5) THEN
728 WRITE(2,100) T,1O.0*ALOG(POW/PEAK)
220) GO TO 99
230 ELSE

231 END IF
232 3 CONTINUE
233 100 FOR?¶AT(F1O.S,11 1F10.6)
234 99 CONTINUE
23b BWFN=2.0*T

238 RETURN
2,37 END
238 C

239 SUBROUTINE KSPACE(NMP,NL,DS,SLLNBAR,BBF,K1,KT)
240 C a.*.**......** **.**.,*.********.*

241 C *THIS SUBROUTINE SAMPLES THE KI >0 REGION OF K SPACE,
242 C *....*.*.***.*****...***..**.**.*

24 3 REAL*4 KX(*) ,KT(*) .KC,KR,KII,KTT,KININ,KIMAX,KTMII,KTMAI,KNULL
44 RAD=.17463293E-OI

241k PIl .3141693E+01
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24e TP=.6283186E+01
247 C ssssss*,s..ss.*.*s.ss.*ssss ss s*..
248 C *COMPUTE THE FIRST ZERO OF THE THEORETICAL BAYLISS PATTERN.
249 C * * * * * * * * * * * * * * * * * * * * * * * * * * Y .* * * ** *

250 S=ABSSSLL)
251 C1=3.038763E-01
252 C2=5 .0429223-02
253 C3=-2 .7989E-04
254 C4=3.43E-05
256 CS=-2.OE-8
258 A=CI+S*(C2+.S*(C3+S*(C4+S*CS)))
257 CI=9.868302E-O1

28 C2=3.3388SE-02
259 C3=1.4064E-04
260 C4=-1.9E-O6

281 CS=I.OE-08
202 ZETA1=Cl+S*(C2+S*(C3+S*(C4.S.C5)))
263 U1=(NBAR+O.S)sSQRT(ZETAI*ZETAI/(AsA+NflAR))
264 C s.sss.ss.ssss. s.*.s*es .. s*s*....s
265 C *COMPUTE THE K VALUE OF THE FIRST NULL.
2A6 C * ******S.5*******..****SS*******5

287 R=NL*DS
288 KNULL=U1/R
269 C ********s******..s***************
270 C *COMPUTE THE MAXIMUM K VALUE ALLOWED FOR THE FIRST NULL.
271 C **~*********************.*****ss*.

772 C KC=TP*O.46
273 KC=3DF*KNULL
274 C sssss.ss.sssss..*ssssssss ss*s.ss.

275 C *GENERATE THE RECTANGULAR LATTICE OF SAMPLE POINTS.
276 C *************5*******************

277 KYMINI=-TP
278 KYMAX=TP
279 KXMIN=0.O
280 KXAIX=TP
281 NKX=27
282 NKY=46
283 DKX=(KXMAX-KIMIN)/(NKI-1)
284 DXT=(KYMAX-KYMIN)/(NKT-1)

2F NMP=O
288 DO 1 I=O,NKT
287 KTY=KYMIN+I*DKT
288 DO 2 J=O.NKI

289 XXXzKXMIN+J*DXX
21)(1 KR=SQRT(KZX*KXX+KTY*Y.T)
291 IF ((Kt .GT. KC) IAND. (KR .LT. 7P)
2P2 &AND. (KuX .GT. 0.0)) THEN
2 93 NfMP=NMP4 1
294 KX(NMP)=KII
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295 KY(NMP)=KYT
296 ELSE
297 END IF
298 2 CONTINUE
299 1 CONTINUE
300 RETURN
301 END
302 C

303 SUBROUTINE TAPER(RE,UI,T.SLL.NBARNL.DS)

304 C

30B C * INITIALIZE THE AMPLITUDE DISTRIBUTION.
-soo C -* NOTE THAT THE AMPLITUDE=U*U. THE BAYLISS DISTRIBUTION FORMULAS * -

307 C * ARE TAKEN FROM MODERN ANTENNA DESIGN BY T. MILLIGAN.
308 C *******.*****.****..**....* ******

309 REAL*4 U(NE),X(NE),T(NE),ROOT(2O),ZETA(4),UZERt(2O',0(20)

310 PI=.3141693E.O1
311 C ***********.**********************

312 C *DE~FINE THE ROOTS.
313 C *e*****ee*.**.*e************.***.

314 ROOT(1)=O.5860670
315 ROOTC2)=i.6970609

318 ROOT(3)=2.7171939
317 ROOT(4)=3.7261370

318 ROOT(S)=4.7312271
319 KOOT(O)z6.73462O6

320 ROOT(?)=0.?3d82ff

21 ROOT(8)=7.7383636
322 ROOT(9)=8.7398606
'123 ROOT( 1O)=9 .740896
324 ROOT(11)=10.7417436
326 ROOT(12)=i11.7424476
328 ROOT(13)=12.7430408

327 RCOV 14)13.7435477
328 ROUT(16)=14.7439856
329 ROOT(16)=16.7443079
330) ft0Oi (lT)=16.7447O44

33 LPQOI(ie) 17.7450030
332 100(19)=18.7462697

333 RtOOMC )-19.7466093
334 C

335 C o COMPUTE APPROXIMATE ARRAY RADIUS.
3.10 C *

337 RAL)IU3ZDS*NL
3138 C **.*.**s*O**ss*s*Oe~.*e~es.*e.***

.339 C *CHOOSE SiDELOBE LEVEL.
340 C *****4 ******OS***wSe.*e*..*.....

.141 CALL. CCIEFF(SLL,A.ZETA)
342 CALL NE4ýZ(A,ZETA,NBAR,ROOT,UZER)
.141 CALL FBCOF(ROOTUZERNBAR,B)



344 C *****************************e***

345 C *COMPUTE AMPLI TUD E.
340 C ******************P****O**********

347 DO I X=I,NE
348 R=SQRT(I(iC)*X(K)+T(K)*Y(K))
349 COSPBI=I(K)/P.
350 SUM=O.0

361 DO 2 MkI,NBAR
352 RUO=R/RlDIVS

353 ARG=PI'ROOT(M)*UHO
354 CALL 31CALRG,BESSI)

-.....- 3- -* s--SUM=SUM+B(N)*BBSSI
356 2 CONTINUE

367 IMP=COSPHI*SUM
358 U(K)=AMP

359 1 CONTINUE
360 CALL NORMAL(NE,U)

31 DO 3 I=1,NE
302 WRITF,(2.0) I,XCI).T(I).RRADIUS.UCI)

333 CONTINUE
384 100 FORMAT(Ih,iIF1O.4,1Z,FIO.4 ,IX,FIO.4)

as RETURN

386 END

387 C

38 SUBROUTINE COEFF(SLL,ADZETA)

3-39 REIL*4 7.ETA(4)

33 S=ABS(SLL)
371 Cl=3.038763E-01

372 C2=6 .04292 2E-02

373 C3= 2.76069E-04

374 C4=3.43E-08
375 C6=-2.OE-8
3170 A=C1+S*(C2+S*(C3+S*(C4+S*C6)))
377 C1=9.868302E-01
37 8 C2=3.3380SE-02

379 C3=1.40fl4E-04

C4=-1.9E-0t3
MC6:1.OE-08

382 ZETA(1)=C1+S*(C2+S*(C3+S*(C4+S*C5)))

383 Cl=2.0033'7467
384 C2=1 .141646E-02

3Sf, C3z4.169E-04

386 C4=-3.73E-06

387 Cb=1.0E-08

3"8 ZETA(2)=CI+S.(c2+S*(C3+S*(C4+S.CS)))
I8O CI=3.00636321

30 C2=8.83394E-03
391 C3=2.92SIE-04

3V12 C4=-1.01E-06



393 ZETA(3)=C1+S*(C2+S*(C3+S*C4))
394 C1=4.OO518432
395 C2=6.0179SE-03
396 C3=2.1736E-04
397 C4=-8.8E-07
398 ZETI(4)=C1+sICC2+S*(C3+s*C4))
399 RETURN
400 END
401 C
402 SUBROUTINE NEWZ (A. ZETA, B1AR, ROOT, UZER)
403 REAL*4 ZETA(4) .ROOT(2o) ,UZER(20)
404 -- DO - N=1,4 - - - - - --

405 ARG=ZETA(N)*ZETA(N)/(A*A+NBAR*NBAR)
406 UZER(N)=ROOT(NBAR+1)*SQRT(ARG)
407 1 CONTINUE
408 DO 2 N=6,NBAR-1
409 iRG=(A*A+N*N)/(AoA+NBIR*NBAR)
410 UZER(N)=ROOT(NBAR+1)*SQRT(ARG)
41 1 2 CONTINUE
412 RETURN
413 END

414 C

416 SUBROUTINE FBCOF(ROOT.UZER,NBAR,B)
416 REIL*4 ROOT(20) ,UZERC2O) 3B(20)
417 REIL*8 RAT,UN2,RI12,RN2,PRI.PR2

418 PI=3.14169i
419 DO I ?1=1,NBAR
420' RM2=ROOT(M)*RCOT(M)
-121 PR1~ .0
422 DO 2 V-1.NBAR-1
423 UN2=UZER(N)*UZER(N)
424 RAT=l .O-RM2/UN2

425 PR1=PR1' RAT
42o 2 CONTINUE
427 PR2-1.0
428 DO 3 N=1.NBAR
42W IF (N .NE. M) TEEN
4.30 RN2=ROOT(N)*ROOTCN)
431 RAT=1 .O-RM2/RN2
432 PR27PR2*RAT
433. ELSE
434 END IF

453 CONTINUE

430 ARG=PI*ROOT(M)
43 7 CALL JI(ARG,BESS1)
43n B(M)z(RM2/BESSI)*(PRl/PR2)

1J CONTINUE
41(1RET URNl

441l END
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442 C
443 SUBROUTINE Jl(X,DESSI)
444 C******.****************************

445 C THIS SUBROUTINE COMPUTES JI(M C
446 C***********************************

447 10=-0.60249986
448 11=0.21093673
449 A2=-0. 03964289
450 13=0.00443319
451 A4=-0.00031761

452 AB=0.00001109

453 B0=0.-79789466.. . . . . .- - - - - --

454 B510.00000166
45 2=0.01669067

456 B3=0.00017106

457 B4=-0.00249611
458 B6=0.00113663

468B= -0 .00020033
460 CO=-2.36619449

461 C1=0.12499012
462 C2=0.00006060

441 C3=-0-00037879

464 C4=0.00074348
465 CF;=0.00079824

*466 C@=-0.00029166
467 IF ((X .GE. 0.0) .AND. (X .LE. 3.0)) THEN
468 S=(X/3.0)*(1/3.0)

409 P1=S.(AO+S*CA1+S*(A2+S.(13+S*(14+16.S)))))

470 BESS1ýI'(0.6+P1)

471 ELSE IF (1 .0T. 3.0) THEN
472 T=3.0/X
473 Q1=BO+T*(B1+T*(B2.T*(B3+T*(B4+T*(BS+B6.T)))))
474 V1I=+CO+T.(C1+T*(C2+T*(C3+T*(C4+T*(C6+C6*T)))))

475 BESS1=Qi*COS(Vi)/SQRT(I)
476 ELSE

477 END IF
476 RETURN~
479 END

480 C

481 SUBROUTINE C.GRAD(NE,NSP,NMP,NS.NI,U,IT,S,NP,IP,K1,KT,GN,H,P,Q,R
482 k,Z)

483 C **********O**4**g$*S**b*S**********

4841 C *COM1PUTE POWER IN A SINGLE DIRECTION.*
485 C *****************i***********b **

480 REAL*4 U(NE),I(NE),T(NE).S(NE),GN(NE),H(NE,NE),P(NE),Q(NE),R(NE)
47 REAL*4 Z(IIE),KX(NSP),KT(NSP),KII,KYI,KIP,KTP

.188 INTEGER IP(NSP)
,iog C **.**.*****4.*&.*...**.*.***.....

C * C INITIALIZE THE NUMBER OF SIDELOBE SAMPLE POINTS.
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49! U4 ***********.**********************
492 NPzO

493 C ss*********s*se**easee*e**eeess**s
494 C *PERFORM IS UE-STARTS.
49S C *S***S*************S****S***S*****

496 DO I L:1.NS
497 C
408 C * FIND THE PEAK SIDELOBE FOVEA POINT AND UPDTE THE NUMBER *
490 C * OF MATCH POINTS.*
goo C

so' CALL PEAKSL(NE,U,I,Y,NSP,NNP.KIKT,IP,IP,PMAX)
502 C

603 C *FIND THE POWER IN TEE MAIN BEAM.*
504 C

505 CALL PEKPOW(NE,U,I,Y,KIP,KTPPELX)
5r~e PO:PEAK

508 C *COMPUTE AND STORE AN ARRAY OF THE 1ST DERIVATIVE OF THE *

509 C *POWER IN THE MAIN BEAM DIRECTION WITH RESPECT TO THE MTH *

SIP C *VARIABLE.*

SI I C
512 DO 2 M=i,NE
S13 CALL DPDWI(NE.U.I.Y,M.KIP.KTP,DPWI)
514 SCMhýDPWI
sIBr 2 CONTINUE
510 CS***S***********e*ss*sssssssaa*a

6i; C *COMPUTE AND STORE TEE AVERAGE SIDELODE POWER.*
5114 C

51Y PA=o0.
520 DO 3 Il.,NP
521 CALL POWI(NE,U.IT,KI(IP(I)),KY(IP(I)),POWERI)
522 PA7PA4PUWERI
523 3 CONTiNUE
524 PA=PA/NP
525 WRITEQ.,200) L,1O.O*ALOC1O(PA/PO) ,1O.O.ALOGIO(PMAIIPO)
528 WRITE(2,200) L,1O.O*ALOG1O(PA/PO) .1O.O.ALOG1OCPMAI/PO)
527 200 FORMAT(11I6,I5,II,'VE PEAK SLL',1I,F1S.6,1Z,
528 A'PEAK SLL',1X,FIS.6)
529 C
530 C *COMPUTE THE NEGATIVE OF THE GRADIENT.*
531 C
532 DO 4 M=1.NE
533. C ******** **S******** *.*.**.* ~
534 C *COMPUTE THE DERIVA TIVE OF THE AVERAGE SIDELOBE POWER.
535 C *****s~~s*s.*sssss*******t***

5 31 DPAM=O.O
537 DO & 1=1.1W

538 CALL DPOWI(NE,U,I,T,M,KI(IP(Il)1 KT(IP(Il ,/DPWI)
539 DPAM=DPAM+DPWI
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140 & CONTINUE
541 DPAM=DPAM/NP
142 C

143 C * COMPUTE THE NEGATIVE GRADIENT. *

144 C

146 GN(M)=(PA*S(M)/PO-DPAN)/PO
s4e 4 CONTINUE

14? C

148 C * COMPUTE THE HESSIAN.
14g C

110 DO S M=I.NE
551 DO 7 N=M,NE------......
552 CALL DDPOWI(NE,UI.T.,M.N.KIP.KTP,DDPWI)

SA3 DDPO=DDPWI

154 DDPA-O.0
555 DO 8 I=I,NP
55e CALL DDPOWI(NE.U,T,YM,N,KI(IP(I)),KY(IP(I)),DDPWI)

557 DDPA=DDPA+DDPWI
558 8 CONTINUE

659 DDPA=DDPA/NP
5en H(M.N)=(GN(N)*S(M)+GN(M)eS(N)+DDPA-PAeDDPO/PO)/PO

501 H(N,M)=H(M,N)
562 7 CONTINUE
503 5 CONTINUE

*504 C
.os C * START THE CONJUGATE GRADIENT ALGORITHM. *

568o C

5-C
668 C * INITIALIZE THE RESIDUAL.

sag C **

h7o DO 12 M=1,NE
571 (?OrGN(M)

572 Z(M)=O.O
573 12 CONTINUE
574 C

57s C * INITIALIZE SEARCH VECTOR. *

57g C eeee*ssee*e***eeses*ees*ss***e*s*es*e*e** es*e*es***ss*es

577 CALL MATVEC(NE.H.RQ)
578 CALL NORM22(NE,Q,QN)
57g BEOr1.O/QN
58b DO 13 I=1,NE
541 P(I)=BEO*Q(I)
sO2 13 CONTINUE
583 C

5b8 C - PERFORM CONJUGATE GRADIENT ITERITIONS. e

SOS C sesess~ee*ses~~sesssse~seeeess.

610 DO 14 K=z.NI

687 C
58 C e UPDATE AMPLITUDE VECTOR AND RESIDUAL. *
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689 C ***~9************* *************

590 CALL MATVEC(NE,B,PQ)

b~l CALL N0RM22(IE.Q,QN)
692 AK=1.O/QN
593 DO 16 I=1.NE
504 Z(I)=Z(I)+AK*PCI)

1595R(I)=R(l)-hiC*Q(I)

596 is CONTINUE
597 CALL NORM22(NE1 R,RN)

598 EILR=SQRT(RN)
Boo WRITE(*.600) L,K.ERR

Soo WRITE(2.600) L,K,ERRt

802 C ****************~**************

803 C *UPDATE SEARCH VECTOR.

CALL MATVEC(SE,H,R,Q)
808 CALL NORM22(NE,Q,QN)
(107 BEK=1.O/QN
608 DO 16 I=1,NE

809 P(I)=P(I)+Bf.K.Q(I)
810 1o CONTINUE

e ,14 CONM~NUE
812 C

613 C *UPDATE AMPLITUDE VECTOR.
mil C

als DO 17 I=1,NE

fI-1 17 CONTINUE

e!8 CALL NORMAL(NE,U)
0)uC

F120 C *WRITE OUT THE NEW ESTIMATE TO A FILE. 0
62! C

822 REWIND 4
ki 23WRITE(4,lO1) (I.U(I).I=iNE)

824 101 FORMAT(I5,F16.7)
6, IF (NP .EQ. NMP) THEN

6 26 GO TO 99
62, ELSE

828 END IF
829 I CONTINUE

630 99 CONTINUE

oi1 RETURN

63 2 END
a. C

83 1 SUBROUTINE PEAKSL,(NE,U,X,! ,NSP,NMP ,KXKT ,IP,NP ,PMAX)
635 C

6;io C * THIS SUBROUTINE FINDS THE PEAK SIDELOBE POWER LEVEL COORDINATE
637 C * POINT (KI(LMAX),KY(LMAX)). IF THE POINT IS NEW THEN IT IS
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038 C * ACCUMULATED INTO THE POINTER ARRAY IP. THE NUMBER OF POINTS IN

e39 C * THE INTEGER POINTER ARRAY IP IS NP SUCH THAT IP(I),I=1...NP. *

041 REAL U(NE),I(NE),T(NE) KI(NSP),KT(NSP)
042 INTEGER IP(NSP)

043 C ********************a*e******..**************************

044 C * COMPUTE THE POWER AT EACH POINT AND FIND THE NLI. *

045 C

046 CALL POWI(NE,U,I.Y,KX(1),KT(1),PWI)
647 PMAX=PWI
64h LMAX=1

049 DO 1 I=I,NMP

050 CALL POWI(NZ,U,I,T,KI(I),KT(I),PWI)
as IF (PV'I .GT. PMAI) THEN

052 LMAX=I
853 PMAX:PWI

854 ELSE
655 END IF

056 1 CONTINUE

657 C ************

58 C * COMPARE LMAX TO ALL THE PREVIOUS POINTERS IP(I),I=1...NP. *

9 C * IF LMAI MATCHES ONE OF THE PREVIOUS POINTERS THEN THE *

oo., C * POINTER ARFAT NEED NOT BE UPDATED (IFLAG=I). IF LMAX DOES *

Bet C * NOT MATCH I PREVIOUS POINTED. VALUE (IFL4G=O) THEh IT *

062 C * BECOMES THE NP+ITH ELEMENT OF THE POINTER ARRAY. *

a .3 C

66.) IFLACGO

on: P" 2 IýI,NP

66o IF (IP(I) .EQ. LMAX) THFN

O0" IFLAG:J

a 6 ELSE

009 END IF
070 2 CONTINUE
()., IF (IFLAG .EQ. 0) THEN

073 IP(NP)ýLMAI
07.1 ELSE

nE7S END TF

871! RETURN
8 7 7"P

'178 c

0:'1 SUBRO.UTIFlE POW!(NE.U,X,7,XXT,KT!,POWERI)

e c * COMPUT'E POWER IN A SINGLE DIRECTION. "

,-.m? C *-**.to ' ...

,, A., 1 REAL U(;iE),X(NE),Y(NE),KII,KTI

A .-4 -1SUM - )

ON%., DO I K-- 1,!
,PO, PSI=K11 I5



687 SUM-SUN+U(K)*SIN(PSI)

egg I CONTINUE

689 POWERI=SUM*SUM
690 RETURN

691 END
692 C

603 SUBROUTINE DPOWI(NE.U,I,T,MKIIKTI.DPWI)
694 C *eo**sooseo.*oososs**************

6o9 C * COMPUTE IST DERIVATIVE OF POWER WITH RESPECT TO TEe MTN VARIABLE*

ego C * IN THE ITH DIRECTION. *

697 C *

698 REAL U(NE),I(NE),T(NE),KXIKDYI

ego C *******4*4* oo***w4440*4* *

700 C * COMPUTE TI AND VI. *

701 C ********s******s*********** ******************** ****4

102 SUM0.0
7(3 DO I KtINE
704 ?SI=KII*X(K)+KTI*T(K)
70S SJM=SUM+U(K)*SIN(PSI)
706 1 CONTINUE
707 C *****a*4*4*4*4*4*4*4*44**0 *****o**S*4 **************4****4444

ma8 C * COMPUTE 1ST DERIVATIVE OF TI AND VI. *
709 C * *444*444*404444040404444444 ************** *4*44*4*044*4*4*4*4*44**

710 PSIM=KII*I(M)+K!1*T(M)

711 DPWI=2.0*SIN(PSIM)*SUM
712 RETURN
-I3 END

-14 C

71, SUBROUTINE DDPOWI(NE,U,I,TM,N,KII,KTI,DDPWI)
710 C ,.o**o****o***ooo***o**4****4*4***404*****4S*******44****400440*4*44**

717 C * COMPUTE 2ND DEERI OF POWER WITH RESPECT TO TEE M AND NTH *

"718 C * VARIABLES IN Tr .PIRECTION. *

719 C ***.4****,t

720 REAL*4 U(NE).!.(NE),T(NE),KII,KTI
721 C ******4 404**4*************************************************

722 C * COMPUTE 2ND DERIVATIVE OF TI AND VI WITH RESPECT TO M,N. *

723 C *saosos***4**4440**044444040044*4

-24 PSIMNKII*I(M)4 KII*Y(M)

72r, PSINrKII-X(N)*KTI*T(N)
726 C *********************************40***00440004000440040404400******

727 C * COMPUTE 2ND DERIVATIVE OF POWER.
728 C 4440040444*soooo*o*4*44*******A***u40****444*****4400**0

72o DDPWIz2.O*5IN(PSIM)*SIN(PSIN)
73.r RETURN

731 END

7-32 C

733 SUBROUTINE Nb0RM22(N,A,AN)

ii' C *..t.*..#...**.aoo*4**S** *40444*4**t*04

7 35 C 'THIS SUBROUTINE COMPUTES THE EUCLIDIAN NORM SQUARED OF A. *
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736

737 REAL*4 A1i.)

70 AN=O.O
730 DO 1 11.,N
7 40 AN=AN+A(I)*A(I)

741 1 CONTINUE

742 RETURN
7-3 END

74,t C

7V, SUBROUTINE HATVEC(N.IP,Q)
-746 C

*747 C THIS SUBROUTINE-COMPUTES THE MATRIX PRODUCT QmflP.

746 C ****t*************A*******e***

749 REAL*4 HC?,N),P(N).q(N)
750 DO I I~,
751 SUM=0.0

7 S2 DO 2 JzlN

75.1 SUM=SUX.-H(I,.T)AhP(J)
71- 2 rONTINUL

755 Q(I)=SUi
75C I C3NTT~tUU

,57 RETURN

759 ENID

75C

7131 SLIBROU TINE 110RMAL(H.A)

702 C *TIEI SUiBROUTINE NORMALIZES A VECTOR OF LENGTH 11.

Yfl EAL*4 A(S)

785 VMAIzA(l)
766 Do I I=] ,N
To", It' (A(I) .0T. TMAI) THEN

Y ti e.VMAX-A(I)

ELSE
710 END IF

771 1 CONTINUE

772 DO 2 1 -

774 2 CONTINUE
7 '15 RETURN
776 END
777 C

778

779 SUBROUTINJE PEKPOV(NE,U .X,T,X~r,KYPOPEAK)

781) C *....~..*...**.*.*****.*****en~

781 C *COMPUTE POWER IN A SIN-;LE DIRECTION GIVZN A THFTA AND ral.

7A4 RADz-.174E53293E-OI



705 TP=.0283106EV-01
788 TMINrO.0
78? TM11=3O.O
799 PMIN=-IO.O
780 PMAZ=1O.O

791 NP=46
792 DT=(TML1-TV.IN)/X7
793 DP= (PMAX-PPXl) /1P
794 DO 1 I=O,NT

705 T=TJIIN+I*DT
796 TPS=TP*SIN(R&D*T)

797 DO 2 .J=O,NP
798 P=PHIN+34D?
799 RP=RiD*P

g00 KXI=TPSACOS(RP)

801 KTI=TPS*SIh'RP)
80? CALL P0WI(NE,U,X,Y.KX1,KYI,POWd)
903 IF (I .EQ. 0) THEN

904 PEAK=P'JW
805 KXP=KXI

a0 96 TP-KYI

807 ThEPK=.T

8 08 PHIPX--P

$09 ELSE IF (POW .GT. PZAK) THEN
830 PEAKrPOW

832 KTP=XTI

8: 3 THEPX=T

814 PHIPX='
916 ELSE

Ole END IF

817 2 CO-IVUEi
818 1 CONTINUE

09 WktITE(.,*) THEPK,PE(IPK,KXP,KTP.PEAK
820 WRITE(2,*) TREPK,PflIPKJKIIP,KYP,PEAK

82! RETURN

ftz END

A23 C

524 SUBROUTINE GIIN(ME,U,I,T.GDB)

82(3 C *COMPUTE POWER IN I SINGLE DIRECTION.
927 C

A26 REAL U(NF),1(NE),Y(NE),K1PKYP
81233 RAD=. 17463293E-01

830 PI-.3141bg3IE4O1
All1 TP-.0283186E.O1

8.3: C *GRAPH INPUTS

78



834 C ,...***.**..*******,.****..** ** **

835 *P:41

8.46 NR=36
87 PMIN=0.0

838 PMAIz-36. .0
839 TMIN=0.0
840 TMAX=90.0
841 Dp=(PM1I-pMIN)/CNP-1)

842 DR=CTMAI-TX~ff)/(VR-1)
84.1 C
C44 C *COMPUTE PEAK VALUE.
845 C

8148 CALL PEKPOW(NE,V,,1,?KXPhKTP,PEAK)
817 C
848 C *COMPUTE THE SOLID ANGLE.

849 C

950 SUM=O.0
E!,; DO 1 1-0,NR-2

80 T=IMIN+DR/2.0+I*DR

853 ST=SIN(RAD*T)
8'14DO 2 JrrO,NP.-2

855 P=PMIN+DP/2.O+J*DP
8 10CALL. POWER(NEU,I,Y,T,P,POW)
JRS7SUM=SUM+ST*PDIW

S.82 CONTINUE
Ab) I C0NTI11UE

M~if' 5ULIhD.7RD*AD*DR*DP#4SUM/PEiK
861 GDB=!0.0*ALOG10CTP/SOLID)

82 RETUR,.
F.j END

864 r

Fi$ SUBR0UT1N4 POWPATCNE,U,X.T)

ow" C C0l1VUTF PCWER 14 A SINGLE DIRECTION.

8(30 REAL U(NE),1(IJE).Y(KE),KXP,KTP
F 70 OPFN(VNiT77,F1L9='DA'fA')

q 1 RAD=.17463293Y&C01
.972 PI=.3141(;93E+O!.
87j 7Pý-.283186E4O1
874 C

1,75 C *GRAPH INPUTS

977 NPý41
It7P NH.:25

PMAX=3eo 0
19.9- T h 11 -: 0. 0
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sea TMAX=9O. 0
854 DP=CPMAI-PMIN)/(NP-1)
esa DR=(TMAI-TMIN)/(fl-i)

se0 AX=1&0.O

857 AT=AI

58as AZ=680.O
see P0=66.0

890 QO=60.0
set IA=-2.O

892 19=2.0
893 TA=-2.O
894 -TB=2. -0
895 ZA=-2.0
Roe ZD=2.3
897 AT=.3

ps WRITE(7,*) NP,NR,NS,AI,AT,AZ

899 WjRITE(7,-) aA*XB,TA*Th,ZA,ZB

900 WRITE(7,O) AT,PO,QO

wot C *444sse44s44q*44s**4*44****4e*eesn

902 C *PHI VALUES.*

903 C *44**4444444444444444ea44ps*44444

904 DO 1 1=0,NP-i
905 PZPMIN+I*DP
908 WRITE(7,*.) RAD*P
907 1 CONTINUE
908 C *4****

gooe C *RADIAL (THETA) VALUES.*

910 C 4.*4*

oil DO 2 I=0,NR-1
912 TzTMIN+14DR
eta WRITE(7,.) RAD*T
o;4 2 CONTINUE
pis C 444444*44*4***4*44*444*444444*44*4

9tu C *FUNCTION VALUES.

9?7 C
918 C

919 C *COMPUTE PEAK VALUE.4
920 C **4**44***44******4s444**44**4*

021 CALL PEKPOW(NE,U,I,T,KXP,KYP,PEAK)

922 C
923 C *WRITE OUT THE NORMALIZED POWER.
924 C

925 DO 5 10O,NR-1
920 TzTMIN*I4DR

927 DO 8 J=O,NP-i
928 P=PMIN+J4DP
929 CALL POWER(NE,U,I,T,T,P.POW)
930 WRITE(7,4) POW/PEAK
931 6 CONTINUE
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032 5CONTINUE

933 RETURN
934 END
035 C

936 SUBROUTINE SPDWPAT(NE,U,I,T)
937 C **********4****************$**~**~

938 C *COMPUTE POWER IN A SINGLE DIRECTION.*
* ~~~~~~939 C *****************t****************

040 REAL UCNE¾IC(NE),TCNE)
041 OPEN(UNIT-e,FILE='SDATA')
042 RAD=. i74532g3E-O1
043 _ PI=. 3141593E+OS.

944 TP=.8283155E+Q1

948 C *GRAPH INPUTS*

u8 NP= 110
949 NRr-53

951 PNINrO.0

052 PNAI=380.O
953 P1111=0.0

94 TMAI=90.0
95 DP=(PMAX-PMIN)/(NP-1)

958 nR=(TNAX-TMIN)/CNR-1)
957 AI=800.O
058 AYhAX

959 ZA

960 P0=66.0

962 AA=-2.O
963 18=2.0

964 TAz--2.0

968 ZAý-2.O

#f7 ZB=2.3
PUB AT . 3

1)u30 IT=4
W71 WRITE(8,s) NV,NR,NS,II ,AI.AT.A..

971 WRITE(e,-) XIA1BTATh,ZAZB
972 WRITE(8,#*) AT,PO.QO

ý,7"2 C ** t****s**.* **e* *s** **M. *********

(174 C 'PHI VALUES.
D75 C ***~***4~As~ses~~eseaese*~~e..*t**

b7A DO I I=0,EP-1
9 i7 P--PMI~li!*DP

97t, WRITE(8,.) RA)D*P
979 1 CONTINUE
9tto C *e*s



gel C *RADIAL (TIMrA) VALVES.

082 C ***s**sa.*...*.**.************* **
983 DO 2 10O,UR-i

084 T=TMIN4I*DR
985 WRITE($.*) 3.jD*T
oso 2 CONTINUE

087 C

sea C * USCTION VALUES.*
go0 C

090 C

0e1 C *COMPUTE PEAK VALUE.
992 C

993 PEAK=-100.O
094 DO 3 I=O.NR-1
995 TzTMIN+I*DR

goo DO 4 .J=O,IP-1

997 P=PMIN+3eDP
998 CALL POWERCNE,U,I,T,T,P.POW)
999 IF (POW ,GT. PEAK) 7LIEN

1000 PEAK4POW
1001 ELSE

1002 END IF
1003 4 CONTINUE

1004 3 CONTINUE

1005 C

losC WRITE OUT THE NORMALIZED POWER.
!007 C * ~*** *** ******************S*

1008 DO 6 I=O,NR-1
1009 T=TMIN+I*DR

1010 DU 0 J=ONP-1
1011 P=PMIN+3*DP

1012 CALL POWER(IE,U,I,T,T,P.POW)

1013 WRITE(S,..) POW/PEAK

1014 6 CONTINUE

1015 6 CONTINUE
1016 RETURN
1017 END
lots C

1019 SUBSROUTINE POWER(NE,UJ,I,YT,P,POW)
.020 C * e

1021 C *COMPUTE POWER IN A SINGLE DIRECTION GIVEN A THETA AND PHI.

1022 C * ********~e****************** ***

107, REAL U(NE),I(NE),7!NE),KII,KTI
1024 RID=.17463293E-O1

1,5TP =. 2 83 18 BE.01
102m TPS=TP.SIN(RAD*T)

!027 RP=RID*F
I 02R KXI=TPSOCOS(RtP)

fl2p KTI=TPS*SIN(R?)
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1oao SUM=O.0
1031 DO I X=1.NE
1032 PSI=KZI*X(X)*KYI*y(X)
1033 SUM=-SUM+UMK)*SIN(PSI)

1034 1 CONTINUE

1035 POW=SUM*SUM

1036 RETURN
1037 END
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FIL 1E


